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assists  the  architectural  designer  to  accurately  and  rapidly 
determine  the  energy  impact  of  his  or  her  design  decisions. 
The  system  emphasizes  interactive  computer  graphic  tech¬ 
niques  and  easily  digested  analysis  results. 

The  basic  3D  building  model  used  by  EDECT  is  generated  on 
the  ARCHIMODOS  (Architectural  Modeling,  Design  and  Drafting 
System  of  the  Ohio  State  University)  system  and  read  into 
EDECT  memory  at  the  beginning  of  a  design  session.  EDECT 
culls  ARCHIMODOS  opening  (vindov/door)  data  into  its  own 
data  structure  and  enables  user  manipulation  of  the  building 
conponents/aspects  which  most  affect  energy  performance. 
These  components/aspects  include  orientation,  windows/dccrs, 
overhangs,  and  material  selections.  For  a  yearly  energy 
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mechanical  and  electrical  systems,  and  number  of  occupants. 
EDECT *s  energy  analysis  is  based  on  the  American  Institute 
of  Architects'  Simplified  Energy  Evaluation  technique  and 
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request  EDECT  evaluation  of  certain  energy  design  aspects  as 
well  as  elaboration  on  what  the  evaluation  means.  _ , 

EDECT  is  a  10,000  line  FORTRAN  IV  program  using  GSP  which 
runs  on  an  IBM  4341  processor.  Graphic  interaction  is 
primarily  through  an  IBM  3251  vector  refresh  terminal  with 
attached  light  pen. 
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1.  Introduction 


Energy  conservation  in  architecture  is  not  as  in  vogue  today 
as  it  vas  a  decade  ago.  Bore  often  than  net  architectural 
schools  as  veil  as  practices  discuss  energy  conscious  design 
only  if  forced  to.  Despite  this  lack  of  attention  the  ener- 
gy  issue  has  not  gone  avay.  Even  neglecting  possible  linit- 
ed  or  vorldvide  energy  crises,  the  United  States,  vith  6 
percent  of  the  world's  population  and  20  percent  of  the 
world's  fossil  fuel  reserves  accounts  for  32  percent  of  the 
world's  energy  consumption  (11).  And  our  break-neck  use  of 
all  types  of  energy  is  increasing  rather  than  decreasing 
(24).  The  HcKetta  report,  written  in  1978,  predicted  ever 
increasing  U.S.  dependency  on  imported  energy,  (Figure  1) 
and  within  reason  has  been  accurate  for  the  last  eight 
years. 


Figure  1:  HcKetta  Eeport  Prediction  of  U.S.  Energy  Dse 

(24) 


that  we  as  a  society  (including  architects)  fail,  ever 
refuse,  to  realize  is  fossil  fuel  resources  are  finite. 
Sooner  or  later  (actually  sooner)  there  will  be  nc  tore  oil 
anywhere  at  any  price  (12) .  That  fact,  in  and  of  itself,  is 
not  a  tragedy.  Baiting  to  prepare  for  life  with  very  little 
or  no  oil  is. 

Architects  have  a  unigue  responsibility  in  considering 
conscious  and  prudent  use  of  energy  in  their  designs. 
■Architectural'  energy  use,  or  energy  use  in  heating  and 
cooling  the  residential  and  coanercial  sectors  accounts  for 
33  percent  of  all  0. S.  energy  consnaption  (2).  Tet,  again, 
architects  shy  away  fron  effective  energy  design.  Perhaps 
part  of  the  reason  is  currently  available  energy  analysis 
technigues,  whether  uanual  or  couputerized,  are  cunbersoue 
and/or  coaplicated  to  use.  Hany  are  based  on  extensive  and 
slow  'nunber  crunching*.  Results  are  often  in  a  nuzerical 
fora  not  easily  digested  by  architects.  Put  perhaps  of 
greatest  distaste  to  Architects  is  the  lack  of  connection 
between  what  they  perceive  as  design  and  their  creations* 
energy  perforaance  (aany  analyses  can  only  take  place  after 
a  project  is  coapletely  designed). 

The  reaainder  of  this  chapter  will  review  sone  represen¬ 
tative  building  energy  analysis  prograns  and  point  out  scae 
of  their  shortcoaings  which  EDECT  has  atteapted  to  address. 
EDECT  *S  aain  features  are  suaaarized  in  the  final  section  of 
this  chapter. 


Baerur  Analysis  Techniques  Saanler 


In  his  book  Coanu ter- Aided  Architectural  Design,  Hitchell 
gives  an  extensive  list  of  discrete  coaputer  application 
prograns  for  potential  use  in  an  architectural  office  (26). 
He  suggests  energy  analysis  should  take  place  in  the  Sketch 
Design  Phase: 


BRIEFING  PHASE 


SKETCH  DESIGN  PHASE 
Site  Planning 

Scheaatic  Design  Synthesis 

Perforaance  and  cost  Analysis  of  Proposals 

Checking  for  Coapliance  with  the  Brief 
Circulation  Analysis 
Preliainary  structural  Analysis 
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*  Beat  Gain  Computations 

•  Beat  Loss  Coaputations 
Batural  Lighting  Coaputations 
Artificial  Lighting  Computations 
Sound  Transmission  Coaputations 
Preliminary  Cost  Estimation 

Presentation 


PBODOCTIOH  DOCOHEHTS  PEASE 


CCHSTRUCTIOH  SOPEHTISIOH  PHASE 


HAHAGEBEHT  FUHCTIOBS 


Although  Hitchell  presents  his  list  as  areas  for  computer 
applications,  each  phase  and  sub-phase  could  just  as  veil 
apply  to  manual  operations.  Of  important  ncte  is  where  he 
lists  energy  determinations  -  in  the  early  stages  of  a 
project.  There  they  can  potentially  do  sene  good  if  the 
architect  can  and  wants  to  nse  the  results  to  modify  the 
design  in  an  attempt  to  improve  energy  performance.  This 
process  can  be  termed  energy  design  (10).  Fern  energy  analy¬ 
sis  techniques  today  encourage  energy  design.  Host  discour¬ 
age  it. 


1-1.1 


Due  to  the  complexity  of  detailed  and  precise  building  lead 
analyses  extensive  research  to  develop  load  analysis  systems 
has  been  sponsored  by  various  private  and  federal  agencies; 
most  notably  the  Department  of  Energy  (DCE) .  Though  their 
methods  vary,  their  usefullness  as  energy  design  tccls  share 
a  commonality. 

In  addition  to  the  involved  load  analysis  systems,  the 
government  has  developed  the  other  end  of  the  analysis  spec¬ 
trum  -  simplified,  manual  technigues; 


Xh?_M!SI_iP£roach 

Complex  computerized  thermal  load  determination  programs 
have  been  in  use  for  several  years  (7,17).  Representative 
of  these  is  The  Building  Loads  Analysis  System  (BUST)  (16). 
BLAST  requires  exhaustive  input  of  all  building  character¬ 
istics  is  numerical  fora.  Unless  the  designer  is  fortunate 


enough  to  ovn  an  expensive  copy  of  the  61AST  prograa  he  test 
fill  oat  several  forns  for  shipment  to  the  nearest  BLAST 
analysis  center  -  and  wait.  It  nay  be  days  until  the  analy¬ 
sis  is  received,  and  often  tiaes  instead  of  analysis  the 
original  foras  are  returned  with  reguests  for  corrections. 
The  results,  like  the  input,  are  nuaerical.  Coacunication 
is  sc  hindered  that  one  independent  revision  to  BLAST 
attempted  to  iaprove  the  nan  -  aachine  coaaunicaticn  by 
providing  overly  siaplistic  graphics  (Figure  2)  to  represent 
the  input  data. 

Due  to  their  coaplicated  nature,  BLAST  type  prograas  are 
strictly  "end  line1  systeas;  they  are  used  as  sparingly  as 
possible  and  only  after  detailed  knowledge  of  a  design  is 
kaown  -  after  design  is  coapleted!  Also,  in  acst  cases, 
special  training  is  needed  to  operate  these  systeas  so  one 
person  becoaes  the  specialist  and  the  designers  never  ccae 
close  to  it  (41) . 


Figure  2;  BLAST  Graphical  Input 
(16) 


l2Cket_£alculatoi_Inergy_|salisi5 

Though  auch  less  coaplex  and  expensive  than  the  systeas 
described  above,  pocket  calculator  prograas  such  as  LEL, 
SCOTCH,  and  TENANT  suffer  frost  aany  the  sane  hindrances 
(19);  they  are  based  on  nuaerical  input/output  only,  a 
detailed  knowledge  of  the  building  is  required  before  irput, 
and  only  one  building  can  be  analyxed  at  a  tine.  They  are 
also  *one-pass*  prograas  in  that  to  do  acre  than  one  analy- 
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sis  of  the  saae  basic  design  the  entire  data  representation 
■ast  be  inpat  every  tine.  Binor  changes  can  not  be  inpat 
alone  and  the  progran  reran. 

agi^f-ggfiggigf .  iisig .  igf  iTtii 

It  the  •low-tech*  end  of  the  analysis  spectres  are  a  few 
nanaal  systens  represented  nest  notably  by  DOE*s  graphic 
approach  to  energy  conscioas  design  (36).  This  predesign 
energy  analysis  is  a  series  of  straight  forward  forns  which 
are  filled  ont  /  charted  by  the  designer  after  prcject 
progressing  has  been  conpleted.  after  only  a  short  initi¬ 
ation  with  the  graphic  results  (Figure  3)  good  initial  ideas 
on  energy  perfornance  can  be  f emulated.  Calculations  have 
been  kept  to  the  barest  nininun  for  the  sake  of  speed  and 
user  f riendliness.  However,  despite  all  efforts  to  speed  ap 
the  analysis  it  still  reguires  a  discouraging  ancunt  of  tive 
and  although  the  results  can  be  seen  graphically  (thus 
understood  quicker)  the  starting  infornation  is  still  nuser- 
ic  and  does  not  give  the  designer  the  visual  *feel*  for  his 
energy  decisions. 

Total  Building  Energy  Performance 
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Figure  3;  Sawple  Foras  for  DOE'S  Predesign  Energy  Analysis 

(36) 
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In  concept,  OOE/TJCLl,s  computer  prog  ran  SC1AB5  is  similar  to 
DOZ*s  Pre design  Energy  Analysis.  Input  of  tbe  design  tc  be 
analyzed  is  strictly  non-graphic  and  can  be  done  at  a  early, 
programing  design  stage  (25).  SOLAS 5* s  analysis  and  graph¬ 
ic  results  (figure  4)  are  aore  sophisticated  than  the  DOE 
approach  and  its  analysis  naturally  auch  quicker.  Of  iipcr- 
tant  note,  S0LAB5  does  not  require  the  user  to  re-enter  all 
design  paraaeters  before  subsequent  analyses,  only  the 
parameters  being  changed. 
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CLINATC  DATA  •  LOS  ANOCLEI  MINMT 
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Figure  4;  A  SOL  ATS  5  Graphic  Analysis  Chart 

(25) 


1-1.2  Academic. Energy  lnalvsis/Desion  Systems 

Where  S0IAB5  vas  a  joint  DOE  -  UCLA  research  venture,  a  feu 
energy  related  systeis  have  eaerged  solely  from  the  educa¬ 
tional  arena; 


Tgg_Systens  from  Academia 


Tuo  of  the  Bost  recent  exhibit  some  of  the  shortcomings 
described  already.  The  University  of  Arkansas  reports  a 
systeis  under  developoent  which  extracts  areas  and  B-values 
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froa  "special"  AutoCAD  drawings  and  prodaces  analyses  in  a 
tabular  alpha nuaeric  fora  using  Lotus  1- 2- 3  aicro  coiputer 
software  (20).  lo  aention  is  Bade  of  the  ease  with  which 
changes  are  aade  but  the  output  is  strictly  auaeric  and  not 
instantaneously  interpreted.  Apparently  too,  the  prograa  is 
United  to  heat  loss  analysis.  (Figure  5) 
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Figure  5;  Heat  Loss  Analysis  Output  - 

(20) 


of  Arkansas 


Rensselaer  Polytechnic  Institute  (FPI)  is  attecpting  tc 
computerize  DOS's  Graphic  Analysis  systea  to  eliairate  to 
the  aanual  systea's  slowness  (31).  Output  from  BPI's  systea 
is  siailar  to  the  aanual  graphs  (Figure  6)  except  they're 
done  on  a  dot  aatrix  type  printer.  The  other  aanual  Graphic 
Analysis  shortcoaings  (non-  graphic  input,  etc.)  still 
renain. 


Eimgsmu-XHP 


The  problem  of  non-graphic  input  for  energy  design  was  tack¬ 
led  in  the  Ohio  State  University's  Raster  of  Architecture 
thesis  by  D.  Highlander  (15).  CEED  (A  Conputer-Aided  Energy 
Efficient  Design  Program)  nade  extensive  use  of  interactive 
graphic  technigues  (aenus,  icons,  cursor  input,  etc.)  to 
allow  the  user  to  visually  define/redef ine  the  energy 
aspects  of  a  building  prior  to  analysis  (Figure  7).  The 
actual  analysis  was  carried  out  by  the  1BSLD  (Rational 
Bureau  of  Standards  Load  Dete ruination)  program  running  on 
the  campus  mainframe  computer.  Once  again,  though  the  input 
vas  more  architecturally  oriented,  the  output  vas  nuteric 
only.  Also  only  one  design  could  be  analyzed  and  evaluated 
at  a  time. 


Figure  7 :  CEED  Sample  Input 
(15) 


tittman's  Energy  Design  Environment 

The  most  notable  attempt  at  a  true  energy  design  system  (in 
or  out  of  the  academic  arena)  vas  J.  Pittman's  Raster  of 
Science  thesis  at  Cornell  (30).  Pittman  understood  the 
barriers  to  true  energy  design  and  compiled  a  peverful 
combination  of  existing  and  new  programs  to  overcome  them. 
His  interactive  graphics  environment  uses  a  variety  of 
input/output  devices/meth od s  (including  raster  and  vector 
screens)  (Figure  8)  to  simplify  and  ' arcbitecturalize*  ener¬ 
gy  design  and  analysis. 
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Figure  8:  Saaple  Screens  fron  Pittnan's  Energy  Design 

(30) 

let  the  Energy  Design  Environaent  apparently  falls  shcrt  in 
two  key  areas.  First  it  does  not  allov  complete  building 
definition,  specifically  openings  (a  nost  inportant  archi¬ 
tectural  and  energy  feature)  can  not  be  added,  deleted  or 
nanipulated.  And  secondly  it  does  not  allow  sinultaneous 
comparison  of  alternative  designs.  The  user  nust  somehow 
reneaher  results  fron  one  coaparison  to  another. 


1.2  The  Energy  Design  Potential 

This  sampling  is  small,  yet  indicative  of  the  nuaerous  ener¬ 
gy  analysis  prograas  for  architecture.  Hany  attempts  have 
been  aade  but  most,  if  not  all,  fall  short  of  being  a  power¬ 
ful  energy  design  tool.  The  computer  does  away  with  tiae 
consuming  calculations  yet  many  commercial  systems  do  noth¬ 
ing  aore  than  *nuaber  crunch*,  and  computerizing  energy 
design  is  potentially  such  sore.  A  bare  ainiaua  list  of 
energy  design  qualities  should  be  as  outlines  below  (1): 

1.  Perform  rapid  energy  calculations  of 
schematic  design. 

2.  Produce  legible  and  attractive  output 


Perform  simulations  of  alternatives 
(in  less  than  an  hour  !) 


4.  Accelerate  a  designers  experience. 


The  goals  set  for  the  creation  cf  EDECT  were  to  iaplenent  a 
coapater  aided  design  systea  which  allows  the  user  to  later- 
actively  and  graphically  design/redesign  the  aspects  of  a 
building  aodel  which  aost  affect  energy  consuapticn.  Those 
aspects  include  fenestra tion,  shading  devices,  aaterial 
selections,  and  orientation.  At  any  tine  during  an  EDECT 
design  session  rapid  graphical  and/or  nunerical  analyses  can 
be  done  on  any  aodel  in  EDECT  aeaory.  The  graphical  analy¬ 
sis  is  an  easily  interpreted,  three  diaensional  graph  and 
the  nunerical  analysis  has  an  abbreviated  suixary  as  well  as 
a  detailed  breakdown  of  heat  gain  and  heat  less.  Op  to  four 
different  designs  and  their  graphical  analyses  car  be 
coapared  side  by  side.  EDECT  also  Bakes  key  analyses  of  a 
design's  periaeter  vs.  area  and  fenestraticn  and  explains 
the  meaning  of  the  analysis. 

Thus  EDECT  endeavors  to  aeet  or  exceed  the  four  gualities 
listed  above.  The  designs  EDECT  uses  are  scheaatic  and  the 
EDECT  user  can  Bake  changes  to  then.  EDECT's  cutput  net 
only  is  attractive  and  legible  but  the  graphic  analysis  is 
in  a  form  easily  understood  and  digested.  The  sivulaticns 
perforaed  by  EDECT  are  done  in  seconds,  not  hours.  And 
hopefully  through  EDECT  analyses  and  explanations  the 
user/ designer  will  scon  gain  an  intuitive  feel  for  good 
energy  design  decisions. 

This  thesis  consists  of  six  chapters,  including  this  intro¬ 
duction.  The  next  chapter.  Chapter  2,  overviews  the 
concepts,  terns  and  user  interactions  of  EDECT.  Chapter  3 
is  a  user's  aanual.  Chapter  4  gives  an  cxaaple  EDECT  desigr 
session.  Chapter  5  deals  with  EDECT's  internal  operations 
by  covering  data  structures,  calculations,  and  algorithvs. 
The  last  chapter  presents  possible  extensions  to  EDECT  ard  a 
conclusion. 


2-  EDICT  Ov«rviti 


This  chapter  previews  the  Energy  Design  Evaluation  and 
Coaparison  Tool  (EDECT)  by  covering  the  concepts  behind  its 
creation,  why  it  does  what  it  does  and  why  it  does  not  do 
other  things.  Typical  operations  and  terminologies  are  also 
presented  as  a  basis  for  the  User's  Banual  presented  in 
Chapter  3. 


2. 1  fpchitectwral  Energy  lleaents 

In  terns  of  the  causes  of  heating  and  cooling  loads,  build¬ 
ings  can  be  divided  into  two  basic  categories;  envelcpe 
doninant  and  load/systea  doninant  (4).  Envelope  doninant 
buildings  are  buildings  whose  najor  inpacts  on  energy  use 
are  cliaatological  (high  and  low  temperatures,  wind,  rain, 
snow,  etc.)  and  thus  the  outside  skin  or  envelope  is  the 
nain  deterninant.  Be side nee s,  snail  to  nediun  offices  and 
retail  stores,  and  private  clinics  are  envelope  dominant 
examples.  Conversely,  system  dominant  buildings*  major 
energy  loads  come  from  within.  Large  number  of  occupants, 
special  manufacturing/processing  operations,  and  unigue 
man-made  environments  are  examples  where  the  interior  func¬ 
tions  cause  more  heat  gain/loss  than  the  weather.  Compen¬ 
sating  for  system  dominant  loads  becomes  a  mechanical  rather 
than  architectural  design  problem.  EDECT  deals  effectively 
with  envelope  dominant  design  types. 

Envelope  dominant  energy  design  is  made  up  of  building 
elements  which  significantly  affect  both  energy  performance 
and  building  design  (10).  Vhile  nearly  every  aspect  of 
architectural  design  can  have  some  impact  on  energy  consump¬ 
tion,  the  following  lists  the  major  components: 


Boofs 

The  roof  of  any  building  is  in  more  direct  exposure  to 
incoming  solar  radiation  (insolation)  than  any  other  surface 
of  the  envelope.  It  is  also  where  snow  collects  and  rain 
falls.  The  materials  a  roof  is  made  up  of  determine  hew 
effectively  it  resists  the  flov  of  heat,  either  in  or  out. 


The  lost  effective  of  those  sate rials  is  insolation ,  however 
■  any  designers  have  the  tisconception  that  sore  insulation 
is  better.  Insolation's  resistance  to  beat  flow  dees  not 
increase  linearly  with  thickness,  in  fact  the  econonic 
payback  of  most  types  of  added  insolation  after  a  few  inches 
drops  off  draaatically  (38)  . 


HUS 

Though  not  as  iapacted  by  the  natural  clinate  as  roofs,  the 
exterior  building  wall  in  aany  cases  has  sore  exposed  sguare 
footage  and  has  a  thickness  determined  by  esthetic  consider¬ 
ations  rather  than  energy  (38).  Since  nost  walls  do  have  at 
least  some  cavity  space,  prudent  use  of  insolation  in  those 
cavities  is  necessary,  in  fact  deaanded  by  code  in  sexe 
states. 


Openings 

Where  reefs  and  walls  provide  an  insulated  barrier  to  the 
elenents  openings  in  that  barrier,  specifically  doers  and 
windows,  are  like  holes  in  a  bucket  of  water.  ind  like 
water,  heat  flow  will  take  the  path  of  least  resistance  - 
through  an  opening  (32)  • 

Doors  are  normally  wore  resistant  to  heat  flew  than  windows, 
hut  both  cause  infiltration  gains/losses;  e.g.  the  perineter 
around  the  opening  is  a  crack  through  which  air  passes. 
There  is  no  perfectly  airtight  opening,  nor  for  health 
reasons  should  there  be.  Extra  panes  of  window  glazing 
improve  the  insulation  qualities  but  like  roof  and  wall 
insulation  too  such  is  not  economical.  Windows  or  glass 
doors  exposed  to  direct  insolation  also  contribute  greatly 
to  interior  heat  gain  (33). 

From  an  energy  performance  standpoint  it  nay  seen  logical  to 
do  away  with  openings  since  they  are  ty  far  the  single  rest 
detrimental  building  factor.  But  of  course  fron  a  design 
standpoint  that  would  be  ridiculous.  Good  energy  design 
dictates  a  compromise. 
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Belated  to  the  glazing  insolation  problea  and  the  shading  of 
direct  sunlight  in  general  are  overhangs/pro jeetiens.  Prop¬ 
er  placement  and  size  of  overhangs  can  cut  out  damaging 
(during  a  cooling  season)  insolation  and  let  in  beneficial 
(during  a  heating  season)  insolation,  ind  of  course  projec¬ 
tions  can  provide  aesthetic  relief  to  a  wall  surface. 
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1  boilding*s  orientation  is  not  an  architectoral  eleaent  in 
and  of  itself  bot  directly  influences  all  tbe  above 
■entioned  eleaents.  1  change  in  orientation  by  only  a  few 
degrees  can  expose  soae  surfaces/openings  to  insolatior  and 
tarn  aaay  others  thas  changing  energy  performance  dramat¬ 
ically  (27). 


jk« 

like  orientation,  periaeter  vs.  area  (P  vs.  A)  is  net  by 
definition  a  single  architectoral  coaponent,  bot  rather  a 
combination  of  coaponents.  Tvo  buildings  can  have  the  sane 
sgoare  footage  of  floor  space  bot  have  very  different  linear 
feet  of  periaeter  (Figore  9) .  Bore  periaeter  aeans  acre 
exposed  exterior  boilding  envelope  and  subseguently  sore 
heat  transfer. 


PLAN  B 


AREA  A  =  AREA  B 
PERIMETER  A  t  PERIMETER  B 

Figure  9;  P  vs.  1  Illustration 


2.2  ll«t.ifi|g,Ia?g 


EDICT  enables  the  user  to  aanipulate  the  critical  energy 
elements  of  an  envelope  dominant  design  type  -  rocf/wall 
construction  types*  openings*  and  overhangs  -  then  instantly 
view  the  resulting  energy  perfornance  graphically  or  cuaer- 
ically.  The  graphical  analysis  is  in  an  easily  interpreted 
3D  fora.  Orientation*  though  not  a  building  elenent  per  se* 
can  likewise  be  changed  by  the  user.  To  do  an  annual  energy 
analysis  EDICT  allows  user  definition  of  nacrocliaate* 
building  type*  nechanical  systen*  lighting  systea*  and 
nuaber  of  occupants.  For  the  sake  of  rapid  coaparison  anal¬ 
ysis*  default  values  exist  for  eleaent  and  building  systea 
definitions.  Dp  to  four  graphical  analyses  can  be  ccipared 
side  by  side.  And  finally*  upon  user  reguest*  IDECT  will 
analyxe  and  explain  the  perfornance  of  the  aost  critical 
eleaents:  north  fenestration*  south  fenestration  with  over¬ 
hangs*  and  a  design's  P  vs.  A. 


2.3  ihat  EJECT  Boes  lot  Poland  Ihvl 

EDICT  is  not  a  conplete  aodeling  tool  and  relies  on  ABCHIHO- 
DOS  (The  Architectural  Hodeling*  Design*  and  Drafting  Systea 
of  The  Ohio  State  University)  for  initial  object  definition. 
P  vs.  A  is  influenced  by  the  exterior  sail  configuration  as 
designed  on  ABCHIHODOS  and  therefore  can  not  be  reworked  by 
EDICT.  lessons  learned  froa  IDECT  on  iaproving  P  vs.  A 
ratios  nust  be  applied  in  future  ARCHIHODOS  aodeling 
sessions. 

IDECT  is  not  a  aechanical  design  tool  and  does  net  dc 
detailed  aechanical  systea  sizing*  duct  sizing  and  layout* 
etc.  That  type  of  design  is  aore  critical  to  load  dexinant 
building  design  and  EDICT  only  deals  with  envelope  doaiaant 
design  accurately.  Likevise  EDICT'S  analysis  teebnigue  is 
accurate  yet  siaplified  to  speed  coaparison  and  analysis. 
EDECT  is  intended  for  use  in  early  design  where  pinpoint 
perfornance  accuracy  is  not  necessary.  In  fact  it  has  been 
shown  the  long*  intricate  analysis  techniques  do  not  produce 
exact  results  because  they  can  not  sinulate  all  fluctuating 
field  conditions  (4).  Siaplified  techniques  have  prever 
nearly  as  accurate  at  predicting  energy  perforaance  as 
conplex  ones  (11). 


2.4  EDICT'S  Analysis  Technique 

EDICT'S  lethod  of  energy  use  evaluation  is  patterned  after 
the  American  Institute  of  Architects'  (AIA)  Siaplified  Ener¬ 
gy  Evaluation  (SEE)  technique.  SEE  is  a  straight  forward 
analysis  which  yields  accurate  results  and  is  very  adaptable 
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to  the  architectural  modeling  or  scheaatic  design  phase  bat 
can  also  be  a  valid  energy  design  tool  in  later  design  phas¬ 
es  (2).  SEE  is  also  useful  as  its  results  can  be  presented 
graphically. 


2.5  The  ABCHIBODOS  Interface 

EDICT  acts  as  a  'boot*  progran  to  ABCHIBODOS  in  that  ABCHI- 
HODOS  sust  be  run  first  and  a  nodel(s)  generated  on  it 
before  EDICT  can  be  run.  The  nodels  created  by  ABCHIBODOS 
are  saved  in  a  conon  disk  storage  area  and  picked  up  by 
EDICT  fron  that  sane  disk  storage  (see  Appendix  c  for 
detailed  disk  storage  inf oraa tion) •  Once  residing  in  EDICT 
the  aodel  data  can  be  aanipnlated  and  analyzed  for  erergy 
perfornance  as  often  as  the  user  desires  (Figure  10).  EDICT 
can  also  save  to  disk  aodel  and  alphanuacric  data  peculiar 
to  its  operations,  however  this  data  is  not  compatible  with 
ARCHI HODCS  operations  and  can  not  be  used  by  the  acdeler. 
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’igurelO:  AECHIBODOS  -  EDICT  Flow  Chart 


Although  ABCHIBODOS  aodel  data  containing  doers,  vindevs  and 
interior  vails  is  read  by  EDICT,  insediately  after  reading 
interior  valls/vall  surfaces,  interior  roof/floor  surfaces 
and  exterior  door  and  window  side  faces  are  called  out  of 
display  data  so  the  resulting  inage  is  the  envelope  shell 
with  outlined  openings.  (Figure  11)  This  culling  siaplifies 
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the  riewing  iaage  gixing  the  nser  only  the  Tisaal  intona¬ 
tion  seeded  for  enxelope  doninant  energy  design.  It  addi¬ 
tion  to  the  display  calling,  all  exterior  opening  data  is 
placed  in  its  ovn  data  structure  for  later  ZDECT  operations 
(see  Chapter  5). 


Figure  11:  Model  Before  and  After  Calling 


2.6  gfrdwarg_>»d  software 


The  devices  and  drivers  at  the  OSD  CAAED  lab  nsed  by  the 
EDECT  system  include  an  IBB  4341  computer  running  TH/CHS. 
The  progran  consists  of  approzinatcly  10,000  lines  of 
Fortran  IT  code  with  graphic  support  fron  IBS's  GSP  (Graphic 
Subroutine  Package). 


Figure  12:  The  EDECT  Vorkstation 


The  actual  EDECT  vorkstation  (Figure  12)  is  nade  up  cf  an 
IBH  3251  vector  refresh  graphics  terminal  with  light  pen  for 
user  interaction,  and  an  IBH  3279  color  raster  graphics 
terminal.  The  3251  refresh  terminal  provides  all  the 
system's  graphic  display  and  interaction  capabilities.  The 
3279  terminal  displays  error  nessages  and  ether  ncn-graphic 
user  inforaation  suets  as  an  in  depth  energy  analysis  tabu¬ 
lation.  The  3279  is  also  the  connunication  device  through 
which  the  user  initiates  progran  execution  (see  Appendix  C) . 


2-7  EDECT  Innlenentation 

This  section  gives  a  graphic  preview  to  the  user  -  EDECT 
interface.  Key  figures  and  explanations  give  an  overall 
idea  how  the  user  and  EDECT  aanipulate  the  important  envel¬ 
ope  design  elenents  and  interpret  the  analysis  results  to 
inprove  energy  design.  A  detailed  user's  vanual  is 
presented  in  Chapter  3. 
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2.  7. 1  lifjjsfe.  KB*1 

Upon  initializing  EDICT  and  throughout  an  EDICT  session  the 
basic  screen  -  on  the  3251  -  (Figure  13)  is  *hoae  base*  for 
the  user.  The  Object  Data  Boz  holds  basic  graphic  and 
alphanumeric  description  of  the  aodel  (object)  currently 
under  consideration;  the  Object  List  Ire a  displays  the  naaes 
of  all  objects  in  session  aeaory  or  all  unused  object  rates 
-  depending  on  the  coaaand  selected;  the  Cosaands  Area  lists 
priaary  and  secondary  systea  coanands  (Figure  13  shews  the 
priaary  coaaand  aenu) ;  the  Graphics  Area  displays  a  variety 
of  graph ic/alphanu aerie  inforaation (see  following  figures); 
and  the  aessage  bez  gives  the  user  various  error,  proapt, 
and  general  inforaation  aessages  (see  Appendix  B) . 


OBJECT 

LIST 

AREA 


COMMANDS 

AREA 


OBJECT  DATA  BOX 


Fisure_13i  The  Basic  EDECT  Screen 


ill  user  connunication  with  the  screen  (picking  contends 
etc.)  is  done  with  the  light  pen.  The  regaining  sections  on 
inpleaentation  deal  sith  the  Graphics  Area. 


2.7.2  The  Hacroclinate 

Studies  hare  shown  that  for  the  basis  of  design  the  United 
States  can  be  divided  into  sixteen  distinct  nacroclinates 
(2).  Bacroclinates  are  grouped  into  geographical  regions 
based  on  sinilar  weather  data.  EDECT's  nacroclinate 
selection  screen  (Figure  14)  is  provided  nainly  sc  EDICT  can 
perforn  a  yearly  analysis  if  reguested.  Though  a  clinate 
will  dictate  different  energy  design  strategies  scldct  does 
the  architect  choose  where  a  design  is  to  be  built.  There¬ 
fore  the  nacroclinate  choice  is  not  a  designer  sanipulatable 
elenent. 


Figure  14;  The  Hacroclinate  Graphic 

Obviously  not  all  u.s.  cities  are  shown  on  Figure  14.  if 
the  city  a  design  is  planned  for  is  not  one  of  the  sixteen 
nacroclinate  cities  the  user  nust  choose  the  nacroclinate 
city  closest  to  the  actual  city. 


2.7.3  Oriotatly 


EDICT'S  orientation  routine  is  aulti-purpose.  Hot  only  dees 
it  provide  the  user  with  four  separate  windows  for  np  to 
four  simultaneous  orientation  changes/cctparisons  of  the 
sane  object  (Figure  15)  but  can  also  aake  copies  of  existing 
objects  for  conparison/alteration  purposes. 


Figure  15:  The  Orientation  Graphic  with  Object  Footprint 


2. 7. *  Eppf  a«d  fall  Construction  Types 

The  selection  of  roof  and  wall  construction  types  are  done 
fron  sinilar  screens  (Figure  16)  where  the  user  car  pick 
fron  a  menu  of  available  types.  Vhile  a  roof  is  considered 
to  be  of  only  one  construction  type  an  object's  walls  can  be 
all  one  type  or  each  individual  wall  can  have  a  unigue  cress 
section. 

i  survey  of  different  architectural  energy  analysis 
approaches  points  out  the  advantage  of  providing  a  nenu  of 
conmon  construction  types  to  pick  fron  as  opposed  tc  allow¬ 
ing  the  user  to  'build'  cross-sections  fron  a  nenu  of  indi¬ 
vidual  materials.  In  the  haste  to  inprove  perfcriarce 
designers  tend  to  disregard  practical  structural  and  econon- 
ic  considerations  and  create  inpossible  cr  unecorcnical 
cross-sections.  By  providing  a  variety  of  complete,  practi¬ 
cal  and  safe  construction  types  a  system  ensures  designs 
which  can  be  built  as  well  as  analyzed  (4). 


21 


•SOP  TIPS* 

PITCHES  W/  CATXE1RAL  CEILINC 


CURRB4T  COUTRUCTEON 

AVA1LASLE  «OOP  CHSTRUCT20N  TTPeS. 

t.  I  (ISIS  IPBULATXON.  1  WMS. 

2.  2  RICH  IPAULATKM.  2  MSI. 

J.  1  I1UI  XWULAT20N.  1  tSKIITI. 

4.  2  RICH  2WULATIIS4.  2  C(NCRETE. 

*.  SUILT-UP  Wflp.  2  CELLULAR  CLASS 
IWULATION.  2  COWRETE.  Mil  SPACE. 
4*1  STf  SOARS. 

k.  SUILT-UP  POOP.  2  CELLULAR  CLASS 
INSULATION  4  CON  CRETE.  AIR  SPACE. 
1/7  CTP  SOARS. 

T.  SUILT-UP  HOOP.  4  CONCRETE. 

2  CELLULAR  CLASS  IP6ULATI0N 
2  CONCRETE. 


S.  SUILT-UP  ROOP.  2  CELLULAR  CLASS. 
INSULATICK  2  dUCRETE. 

I.  SUILT-UP  ROOP.  2  CELLULAR  CLASS. 
2NSULATI04.  4  CONCRETE. 

11.  SUILT-UP  ROOP.  4  RICH  INSULATION. 
4  COCRETt.  1/2  CTP  SOARS. 

U.  SUILT-UP  ROOP.  4- CELLULAR  CLASS 
2NSULATIQ4.  4  CtSLCRETE.  1/2  CTP 
SOARS. 

12.  SUILT-UP  ROOP.  0  CORR  SOARS. 

4  CONCRETE.  1/2  CTP  SOARS. 


AVAILABLE  MALL  CONSTRUCTION  TTPESi 

1.  s/4  MOOS  SISINC.  HI  MOOS  STUBS. 

J  1/2  AIR  SPACE.  1/2  CTP  SOAR!. 

2.  S/4  MOOS  SISINC.  2X4  MOOS  STUBS. 

J  1/2  CLASS  MOOL.  1/2  OTP  SOAPS. 

2.  2/4  MOOS  SISINC.  VO  MOOS  PURRINC. 
0  CONCRETE  SL OCR.  2X4  WOOS  STUBS. 
1  1/2  CLASS  MOOL.  1/2  PPNELIW. 

4.  S/4  MOOD  SISINC.  T/O  MOOS  PURRI«. 

S  CQKPETE  SLOCK.  2X4  U009  STuli. 
T/O  MOOS  PURRIN  C.  1/2  PPNELINC. 

5.  1  STUCCO.  »  COTCRETE. 

1  CTP  SOARS 

k.  |/2  CEP* NT  PLASTER.  4  PILLtS 

CONCRETE  ILOCK.  AIRSPACE.  4  PULES 
CONCRETE  BLOCK.  V2  CB1BVT  PLASTER. 


7. 

in.  ctftwr  piaster.  «  concrete 

•LOCK.  *XRSP*CE,  ♦  CONCRETE  HOCK. 

u. 

X'7  CEMENT  PLASTER. 

14. 

•a 

\n.  CMMT  PLASTER.  4  HOLLOW 

TERRA  COTTA  ILOCKS.  AIRSPACE. 

CfPBKT  PLASTER. 

IS. 

•a 

1  SOLID  IRICKa  2  RIGID  IX  SUL  AT  194. 

1  n.  GTP  IOARO. 

Ik. 

It. 

t  HOLLOW  IPIC*.  1X2  PURRING. 

1^7  GTP  IOM8. 

17. 

11. 

1  HOLLOW  It SCV.  2  RIGID 

10. 

INSULATION.  1'7  CTP  IO»*D. 

19. 

12. 

0  IPlCr^CKC.  ILOCK.  1X2  PUPPING. 

\n.  ctp  ioaps. 

INSULATUH.  1/2  CTP  SOAPS. 

14.  k  PRECAST  CONCRETE  SPNBJICH  PAE*L 
2  POLTURETNANE  CORE. 

15.  It  I* ICR  CANITT  MALL.  I  RICH 
IN5ULATI94  IN  CANITT . 

Ik.  I*  SR  ICR  CAVITT  MALL. 

IT.  IS  IPtCK/CCHC.  SI  OCX  CANITT  MALL. 
2  RICH  INSULATION  IN  CAVITT. 

IS.  IS  SRICR/C<NC.  SLOCK  CAVITT  MALL. 


ioo»:  5"EATxipe.  2x«  woe:  scutt 

SATT  (R-1I)  IPBULATUK  1/J  CTP51M. 


Figure  16:  Hoof  and  Wall  Benu  Screens 


EDICT * s  aetbod  of  handling  doors  and  windows  treats  both  as 
openings  in  a  vail.  Depending  on  the  type  of  door  or  sindov 
chosen  the  Upvalue  will  vary  bat  the  rest  of  the  analysis 
for  the  opening  -  e.g.  infiltration  -  is  the  sane  for  both 
door  and  window.  Because  there  is  no  aajor  distinction 
between  the  two,  only  until  (and  if)  the  user  selects  door 
and  window  types  does  EDECT  distinguish  between  the  twc. 

The  graphic  interface  for  opening  operations  is  done  with 
two  screens.  One  screen  (Figure  17)  is  dedicated  to  chang¬ 
ing  opening  size/position  and  adding/deleting  openings. 


Figure  17;  Opening  Banipulation  Screen 

When  the  user  has  a  tentative  wall  opening  arrangeaent  in 
the  opening  nanipulation  screen  it  can  be  transferred  to  one 
of  two  ccnparison  windows  in  the  opening  definition  screen 
(Figure  18) .  Besides  giving  the  user  a  chance  to  visually 
conpare  and  select  froa  two  different  opening  arrangeient 
sebeaes,  the  definition  screen  is  where  the  user  can  assign 
opening  type  and,  if  applicable,  glazing.  At  any  tine 
during  an  EDECT  session  the  user  nay  return  to  this  sequence 
and  rework  an  object's  openings. 
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2  WE^TXERSTRIPPEB 

■OUKE-HIWC  r«T*L  PERT*  OTNBOU 
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4  «*T)fERS11XPPEB 
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Figgre  18:  Opening  Definition  Screen 


2.7.6  Overhangs 

Bhere  openings  are  handled  on  the 
elevation#  overhangs  are  generated  as 
vails  of  an  isoaetric  3D  object  iaage 
isoaetric  iaage  aith  overhangs  can  be 
clockwise  and  counter  clockwise  degree 
the  user  a  son  like  perspective  of  how 
overhang  is  doing.  But  because  the  sun* 
day  to  day  and  froa  season  to  season  the 
which  is  fixed,  can  not  be  taken  as  an 
the  sub. 


2D  surface  cf  an 
projections  to  the 
(Figure  19)  .  The 
rotated  in  various 
increients  tc  give 
auch  shading  the 
s  path  varies  frcv 
isoaetric  rotation# 
accurate  view  frov 


like  opening  aanipulations#  overhangs  can  be  changed  in  size 
and  wall  position  as  well  as  be  added  and/or  deleted.  All 
EDECT's  overhangs  are  rectilinear  projections  froa  the  wall 
they  are  initially  created  on  and  any  wall  can  have  wore 
than  one  overhang.  Of  course  in  the  built  environwent  over¬ 
hangs  and  shading  devices  can  take  diverse  fores  and  config¬ 
urations.  Bhile  EDECT  can  not  aodel  all  possible  overhang 


types  it  can  simulate  the  beneficial  shading  of  icst  ever 
bangs  v  it  h  reasonable  accnracy. 


Figure  19;  Overhang  Hanipulation  Screen 


2-7-7  Building  Svstea  and  other  Definitions 

like  the  nacrocliaate  definition,  other  non-envelope  aspects 
of  the  building  aust  be  defined  (or  defaulted)  so  EDICT  can 
do  an  annual  energy  consuaption  analysis.  These  aspects  are 
building  type,  occupants,  aechanical  systea  and  lighting 
systea.  The  selection  aenus  for  each  arc  all  part  cf  cne 
screen  which  is  egually  divided  into  four  windows  (Figure 
20). 

The  building  type  choices  are  a  representative  but  not  all 
inclusive  list  of  envelope  doainant  building  classes. 
Different  types  represent  different  aaounts  of  usage,  e.g. 
a  hotel/notel  nay  be  used  around  the  clock  where  an  cffice 
is  noraally  used  8-10  hours  in  a  24  hour  period  and  not  at 
all  on  weekends  and  holidays.  Building  types  with  greater 
usage  aust  use  aore  energy  to  aaintain  coafort  levels. 

The  nuaber  of  occupants  are  picked  in  a  cuaulative  earner  ic 
increcents  of  up  to  30  at  a  tiae.  Thirty  was  chosen  as  the 
aaziaua  increment  because  in  aany  envelope  doainant  build¬ 
ings  there  are  3C  occupants  or  less  (19).  Of  course  the 
user  aay  add  up  aore  than  30  occupants  but  then  the  design 
begins  to  become  load  doainant.  Each  occupant  has  a  direct 
iapact  on  energy  used  to  condition  and  light  the  interior 


environment  as  veil  as  power  possible  prcdacticn  eouip- 
ment/machinery. 

The  mechanical  system  menu  lists  the  most  common  heating, 
ventilation,  and  air  conditioning  (HVAC)  types.  The  various 
HVAC  systems  contribute  to  the  cooling  load  by  giving  cff 
varying  measures  cf  process  heat.  They  also  use  energy 
sources  (fuel,  electricity,  etc.)  vith  varying  eff iciercies. 

The  lighting  system  options  are  likewise  indicative  of 
industry  standard  approaches  to  building  illumination. 
EDECT  is  not  an  artificial  lighting  design  tool  so  although 
a  design  may  have  more  than  one  lighting  system  only  cte, 
preferably  the  most  extensive,  can  be  defined  for  SEE  analy~ 
sis  and  comparison  purposes. 


Figure  20:  Building  Systems  Screen 


2.7.8  Graphical  Analysis 

One  of  EDECT  *  s  main  features  is  the  graphical  form  with 
vbich  an  objects  envelope  energy  performance  is  presented. 
EDECT  is  intended  as  an  architectural  design  system  and 
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architects  generally  coaaanicate  graphically  better  than 
numerically.  Certainly  an  architect  would  rather  see  a 
design  than  read  its  statistics  or  diaensions.  For  that 
reason  the  envelope  energy  results  are  presented  in  a  three 
diaensional  graph  fora,  whose  shape  is  indicative  of 
good/poor  performance. 

The  graphing  aethod  was  set  forth  in  the  SCLAB5  analysis 
technigue  (25)  and  is  two  perpendicular  (  X  and  Y)  axes 
corresponding  to  the  15th  of  every  aonth  and  every  hour  in  a 
24  hour  period.  1  13  x  25  (the  first  aonth  and  hour  are 
repeated)  grid  is  created  by  the  intersection  of  each  axes' 
divisions  and  at  each  intersection  point  a  Z  value  indicat* 
ing  the  aagnitude  of  heat  loss  or  gain  is  calculated.  By 
connecting  all  points  of  intersection  with  lines  parallel  to 
each  aajor  axis  the  inage  of  free  fora  surface  or  patch  is 
created. 

Two  basic  graph  shapes  show  good  and  poor  envelope  energy 
design.  k  saddle  shaped  graph  (Figure  21)  signals  good 
perforaance.  When  heat  gain  is  aost  needed  -  during  sinter 
aonths  -  the  building  gets  it,  but  proper  shading  of  south* 
ern  exposed  openings  prevent  unwanted  suvner  heat  gain. 
Judicial  use  of  north  fenestration  and  envelope  aatcrial 
selections  prevent  extreaes  in  heat  loss  and  gain.  Pcor 
perforaance,  on  the  other  hand,  is  synbolixed  by  a  'heat 
mountain'  (Figure  22)  where  undesirable  heat  is  gained 
during  suaaer  aonths  due  to  iaproper  opening  shading  and 
desirable  heat  is  lost  during  the  winter  due  to  ccabination 
of  excessive  north  fenestration  and  inadequate  envelope 
U*values. 

After  learning  to  judge  perforaance  graphs  against  these  two 
extreme  examples,  and  after  a  few  experiments  in  trying  tc 
achieve  a  saddle  shape  graph  a  user  rapidly  learns  how  the 
envelope  elenents  affect  the  graph,  and  can  better  sake 
aesthetic  and  energy  design  decisions  and  trade-offs.  It  is 
important  to  note  that  EDICT  suppresses  and/or  exaggerates 
graph  Z  values  to  achieve  a  relative  uniforaity  between 
graphs  of  different  objects.  Thus  a  'per  capita*  scrt  of 
visual  coaparison  is  attained.  To  deteraine  actual  heat 
loss  and  gain  nuaerical  analysis  can  be  pcrforacd. 
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2.7.9  Eaaerical  Analysis 


ELECT  does  both  an  extended  and  abbreviated  annual  energy 
consumption  analysis.  The  abbreviated  analysis  is  actually 
a  suaaary  of  key  energy  uses  fro*  the  cxterded  analysis.  It 
appears  as  an  alphanumeric  screen  on  the  3251  display  (fig¬ 
ure  23).  EDICT'S  detailed  analysis  cones  up  on  the  3279 
color  nonitor  and  can  also  be  saved  on  disk  for  hard  copy 
retrieval  after  the  end  of  a  session  (see  Appendix  A) . 
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Figure  23:  Annual  Energy  Dse  Sunnary  Screen 


2.7.10  The  Comparison  Capability 


Another  inportant  EDICT  feature  is  its  faculty  to  display  up 
to  four  graphical  analyses  of  different  energy  designs 
siaultaneously  (Figure  24).  This  vas  considered  alvcst 
essential  since  although  a  user  could  possibly  renenber  or 
jot  dovn  a  numerical  result,  graphical  results  are  net  as 
easily  recalled  and  side  by  side  conparison  gives  the 
designer  flexibility  and  speed  in  arriving  at  better  or 
optiaua  energy  designs.  Different  3E  envelope  energy 


3.  EDICT  User's  Han a si 


This  chapter  describes  in  detail  the  EDICT  coaaands  and 
interaction  nethods  available  to  the  user  to  design/redesign 
object  nodels  and  evaluate  their  energy  perforaance.  The 
initial  object  creation  is  done  vith  ABCHlHODOS  and  ques¬ 
tions  about  its  operations  should  be  referred  to  the  Irchi- 
nodos  User's  Manual  (4  0). 

This  chapter's  first  section  explains  the  assunptions  about 
an  object  EDICT  operates  on,  and  the  second  describes  the 
priaary  and  secondary  aenus.  The  reaaining  sections  take 
the  reader  through  EDICT  explaining  facets  of  the  systex 
along  the  say.  The  order  in  ahich  this  aanual  is  presented 
basically  corresponds  to  the  order  of  coaaands  it  the 
coaaands  area  of  the  EDICT  screen  but  should  not  be 
construed  as  the  only  seguence  EDICT  can  run  under.  EDECT 
a as  designed  to  be  flexible  and  allov  the  user  to  nove 
throughout  the  systea  freely. 


3-1  ?hg_gbJesi 

The  variety  of  nodels  that  can  be  created  using  EBCHIHGDOS 
is  infinite.  Soae  aay  even  be  aassing  studies  vith  little 
or  no  structure  iaposed  on  then.  For  the  sake  of  having  an 
object  aodel  that  can  be  evaluated  even  at  a  schctatic 
design  stage  certain  assunptions  have  been  Bade: 

1)  The  object  has  a  continuous  'skin*  or  exter¬ 
ior  envelope.  This  Beans  that  any  holes  in 
the  vails  aust  be  nade  as  a  door  or  vindov. 

If  an  object  vere  otherwise,  i.  e.  vith  an 
uncovered  opening,  there  vould  te  little 
sense  in  doing  an  energy  analysis  on  the 
design  and  attenpt  to  reduce  energy 
consuapticn. 

2)  The  object  aust  have  a  floor,  (c.  g.  te 
generated  on  1BCHIB0D0S  as  building  aodel 
type  2,  4,  6  or  8). 

3)  The  object  xust  have  a  roof  (for  hopefully 
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obvious  reasons).  If  the  roof  is  to  be 
flat,  a  type  4  building  sodel  can  be  selec¬ 
ted  or  a  flat  roof  nay  be  sianlated  using 
ARCHIHODOS  roof  generation  techniques. 

Both  type  1  (solid)  and  2  (shell) 
roofs  can  be  used  on 
objects  sent  to  EDICT. 


3.2  niiasT  fpd  agMiigjiyg 

EDICT'S  key  source  of  user  input  is  through  light  pen  acti¬ 
vated  cocaand  nnenonics.  Each  connand  represents  a  proce¬ 
dure  or  procedures  carried  out  by  the  systea.  The  user 
siaply  identifies  the  coaaand  desired  and  picks  it  with  the 
light  pen.  Vith  rare  exception  the  user  should  never  have 
to  take  his  or  her  eyes  off  the  3251  screen  to  carry  out  an 
operation.  Sone  procedures  reguire  sore  than  one  light  pen 
pick  and  the  strip  flessage  Box  prospts  the  user  for  addi¬ 
tional  action.  Use  of  EDICT  vill  be  eased  considerably  by 
reading  and  understanding  the  strip  nessages.  Certain 
keywords  in  the  strip  nessages  are  also  light  pen  activated. 
Throughout  this  annual,  strip  nessages  (including  error 
nessages)  vill  be  referred  to  by  nuaber  and  saaple  strip 
nessages  are  enclosed  in  parenthesis  and  in  upper  case 
letters,  lppendix  B  lists  all  EDICT  strip/error  nessages  by 
nuater  and  briefly  explains  the  cause  of  the  error  nessages. 

After  successful  systea  initiation,  the  first  contands  that 
cone  up  in  the  Coanands  Area  are  the  priaary  coaaands.  Bost 
priaary  coaaands  are  grouped  into  four  categories; 
OBJECT  (S),  (BE)  DEFIIE,  AIALTZE,  and  IBPBCVE  BENTS.  CCBPABI 
is  a  priaary  coaaand  rather  than  a  category  header.  The 
four  category  headers  are  inf oraational  only  and  not  light 
pen  activated.  Vhen  picked,  certain  priaary  coaaands  cause 
the  priaary  coaaand  aenu  to  be  tenporarily  erased  froa  the 
coaaand  area  and  replaced  vith  a  secondary  connand  nenu. 
EDICT  has  five  secondary  coaaand  aenus;  Orientation,  Ball, 
Vindov/Door,  Overhang,  and  Coapare  (Figure  25).  Each  in 
turn  holds  sore  coaaands.  Bote  that  vhen  picked,  not  every 
priaary  coaaand  causes  a  secondary  aenu  to  appear,  but 
instead  the  priaary  coaaand  aenu  reaains  and  light  pen 
attention  is  called  for  elsevhere  on  the  screen. 


The  following  guide  is  grouped  vith  the  coaaand  category 
headers  foraing  sections  (e.g.  3.3)  and  priaary  coiaands 
foraing  subsections  (e.g.  3.3.1).  Further  explanations  are 
arranged  as  unnunbered  listings  under  the  corresponding 
subsection. 
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3.3  OBJECT JS)  Coanaads  Category 

The  first  iaage  the  user  sees  on  the  3251  is  the  basic 
screen  shown  in  Figure  25.  The  Object  Data  Box,  Strip 
Bessage  Box,  Object  List  Area  and  Graphics  Area  are  blank. 
Before  anything  else  can  take  place  EDECT  nust  have  an 
object  or  objects  to  work  with  Betricving  objects  fret 
disk,  listing  retrieved  objects  for  selection,  deleting 
objects  froa  session  aeaory  and  saving  session  data  tc  disk 
are  all  accoaplished  by  coaaands  in  the  OBJECT (S)  category. 


3.3.1  glig.fl6a.BISI 

An  EDECT  session  begins  when  this  coaaand  is  picked,  ill 
objects  in  disk  storage  are  listed  in  the  Cbject  List  Area 
and  a  strip  nessage  no.  1  (  PICK  OBJECT  FBOH  OBJECT  LIST  OB 
(BETUBN )  )  pronpts  the  aser  to  pick  one  of  the  listed 
objects  (Figure  26).  The  3279  display  also  gives  the  ease 
of  the  3D  file  if  any.  The  object  naaes  are  light  pen  acti¬ 
vated  and  picking  one  aakes  it  the  current  object.  All 
subseguent  EDECT  operations  will  be  performed  on  the  current 
object  until  another  object  is  picked. 


moraumirti 
KCHMNn. 
mixliinc  Trrri 
teen.  in.  • 
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Figure  26:  Upper  Screen  After  Picking  BEAD  FBOH  DISK 

In  the  exaaple  session,  there  were  6  objects,  naaed  1 
through  6,  saved  on  disk  froa  ABCBIBODOS  creaticn.  iher 
objects  are  read  froa  disk  storage  into  session  aeaory, 
EDECT  also  checks  disk  files  for  object  data  froa  previous 
EDICT  sessions.  These  EDECT  files  hold  data  on  walls, 
windovs/doors,  overhangs,  building  systeas.  If  the  cbjects 
are  being  read  by  EDECT  for  the  first  tine,  3279  aessages 
will  indicate  these  files  are  eapty.  If  the  user  saves 
EDECT  data  before  ending  a  session,  later  sessions  with  the 
sane  objects  will  read  and  use  the  saved  data.  Appendix  C 
details  disk  storage  operations. 


If  the  user  picks  BETUBN  (in  the  strip  acssage  box)  the 
screen  returns  to  the  state  shovn  in  Figure  25  and  the 


system  waits  for  as  object  to  be  listed  and  picked.  Picking 
an  object  (object  2  in  the  example )  causes  the  object's 
footprint,  isoaetric  viei,  naie,  and  any  other  data  it  teic- 
ry  to  appear  in  the  Object  Data  Box  (Figure  27). 


Figure  27;  Upper  Screen  lfter  Object  is  Picked 


3.1.2 

In  order  to  pick  objects  after  the  initial  BEAD  FFOB  DISK, 
this  coaaand  aust  be  selected.  If  the  user  picks  BEAD  FFOB 
DISK  sore  than  once  an  error  results  and  error  message  no.  1 
is  issued  in  the  Strip  Bessage  Box.  Picking  LIST/SELECT 
yields  the  screen  of  Figure  26  but  with  the  Object  Data  Pox 
being  filled  with  the  current  object's  description.  The 
user  can  then  pick  a  new  current  object  or  keep  the  old  one 
by  picking  BETOBB. 


3.3.3  filllfl 

To  erase  an  object  froa  session  aeaory,  this  coaaand  is 
chosen.  The  result  is  a  list  of  all  current  objects  and 
strip  aessage  no.  2  (  DELETE  OBJECT  FFOB  OBJECT  LIST  OB 
(BETOBN)  )  (Figure  28) .  If  the  user  chooses  not  to  delete 
an  object  BETUBN  brings  back  the  basic  EDICT  screen.  Pick- 
ing  an  object  froa  the  Object  List  Area  erases  all  the 
object's  data  froa  session  aeaory.  This  is  not  a  pervanent 
deletion  unless  SAFE  TO  DISK  is  picked  before  a  session  is 
terainated.  One  object  can  be  deleted  per  DELETE  pick. 
After  object  deletion,  the  basic  screen  returns  and  the 
deleted  object's  nane  becomes  a  possible  selectee  it  the 
creation  of  new  objects  (see  OSTENTATION  subsection). 
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Figure  28:  Upper  Screen  After  Picking  DELETE 


3-3.*  S1FE  tO  PISE 

This  coaaand  saves  all  session  object  data  to  disk  for  use 
in  future  EDECT  sessions.  SATE  TO  DISK  can  be  picked  as 
often  as  the  user  wants  in  a  session  but  each  save  writes 
over  the  previously  saved  disk  data.  Before  saving  present 
data,  EDECT  verifies  the  user's  intent  with  strip  wessage 
no.  8  (  ILL  DISK  BABES  WILL  BE  VBITTEB  CVEB.  CONTINUE?  (I) 
(N)  )  (Figure  29).  Picking  N  froa  the  Strip  Message  Bex 
will  return  the  basic  screen  and  T  will  accoaplish  the  save. 
The  user  aay  leave  a  aessage/label  with  the  3D  data  file  via 
the  3279  non it or /key board.  EDECT  proapts  for  the  aessage  on 
the  3279  aonitor  and  the  user  files  the  aessage  aith  2 
•ENTEBS*  on  the  keyboard. 
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for  easier  slewing  by  picking  the  light  pen  activated  scale 
and  vie*  selects  (Figure  30).  There  are  fear  scales  which 
can  be  established  in  a  cyclical  Banner; 

1=90  FT  ->  1=180  FT  ->  1=20  FT  ->  1=40  FT  ->  1*90  FT  .... 
and  three  views  which  are  also  picked  in  cycle; 

SOOTH  ->  SOOTHSEST  ->  SOUTHEAST  ->  SOOTB  ....  . 

It  is  reconwended  the  scale  that  gives  the  largest  iaage 
without  clipping  by  the  frane  lines  te  arrived  at  as  certain 
other  EDECT  operations  fit  graphic  iaages  to  viewing  windows 
at  the  object  isonetric  view  proportion. 


SCALE  VIEW 

SELECT  SELECT 


Figure  30;  Graphic  Hanipulation  in  the  Object  Data  Box 


3-*  iillBHUI  Coaaands  Category 

EDICT *s  abilities  to  handle  an  object*s  energy  eleaents  and 
descriptions  are  controlled  through  the  coaaands  in  this 
category.  Sone  eleaents,  like  overhangs,  aay  be  defined  for 
the  first  tiae.  Others  aay  be  redefined  froa  previous 
ABCHI KODCS  or  EDECT  definitions. 


3.  «.  1  aiCEOCUHlTE 

To  establish  a  weather  zone  where  the  design  object  would  be 
built  this  coaaand  is  picked,  in  icon  of  the  United  States 
with  nuabers  at  the  aacroclinate  cities*  location,  a 
descriptive  list  of  the  cities  and  the  noaber  16  strip 
aessage  (  SELECT  HiCBOCLlHATE  B0KBEB  FHOB  HIF.  TC  BIGIS1EF 
SELECTICK:  (FET0BN)  )  appear  on  the  3251  screen  first  (Fig¬ 
ure  3  1). 


While  a  aacrocliaate  is  being  defined*  the  priaary  cooaands 
are  inactive.  The  nuabers  on  the  states  iccn  are  light  per 
activated  and  can  be  picked  as  an  initial  aacrocliaate  defi¬ 
nition.  Whenever  a  aacrocliaate  nnaber  is  picked  an  indica¬ 
tor  (>)  is  placed  next  to  the  nnaber.  Picking  another 
nuaber  replaces  the  indicator  next  to  the  new  selection. 
Picking  FETOBN  finalizes  the  aacrocliaate  choice  by  placing 
the  aacrocliaate  nnaber  and  naae  in  the  object  data  box  and 
returning  the  light  pen  active  basic  screen.  The  aacrccli- 
aate  can  be  redefined  any  nnaber  of  tiaes  during  a  session. 
In  the  exanple  session*  aacrocliaate  8-Fresno*  c*  was 
picked.  Aacrocliaate  nuaber  8  also  happens  tc  be  the 
default  aacrocliaate. 
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nenu  with  the  orientation  secondary  nenu  (Figure  32).  Tc 
bring  the  current  object  footprint  into  one  of  the  quadrants 
for  (re) orientation  a  tvo  step  coaaand  sequence  nust  be 
followed.  First  sake  one  of  the  quadrants  active  by  picking 
its  nunber  under  the  ACTIVE  Q01DRANT  connand.  The  picked 
quadrant  will  be  indicated  with  a  box  around  the  nuafcer  in 
the  quadrant.  The  active  quadrant  choice  say  be  changed 
before  the  second  step.  The  second  step  is  to  pick  the 
connand  (BE) CRI EFT  which  places  a  proportional  footprint 
with  rotation  disk  in  the  active  quadrant  (Figure  33).  The 
rotation  disk  is  for  user  reference  with  points  placed  in  a 
circle  at  15  degree  increnents. 


Figure  33:  Orientation  Screen  v/  Object  Beady  for  Bctaticn 


Once  an  object  is  in  an  active  quadrant  with  the  rctaticn 
disk  the  orientation  can  be  changed  by  picking  the  degree  of 
rotation  amber  under  the  DEGREE  coanand.  Positive  soabers 
indicate  clockwise  rotatior  in  the  degree  indicated  and 
negative  nnabers  denote  counter-clockwise  rotation.  Any 
coabination  of  degree  picks  are  allowed,  and  daring  rotation 
all  connands  but  degrees  of  rotation  are  inactive. 

When  a  tentative  orientation  has  been  arrived  at,  the  user 
nay  reactivate  the  orientation  secondary  coaiands  by  picking 
BETUBH  in  the  strip  cessage  box.  The  (re) orientation  proc¬ 
ess  nay  be  repeated  for  all  reaaining  quadrants.  To  reuse  a 
filled  quadrant  it  nust  be  first  cleared  by  picking  its 
nunber  under  the  CLEAR  QUADS ART  conaand.  Then  the  rctaticn 
process  for  that  quadrant  nay  continue. 

The  SAHE  SATE  and  REV  SATE  connands  allow  the  user  to  change 
the  current  object's  orientation  or  create  a  new  object.  If 
SAHE  SATE  is  picked  EDECT  will  first  prctpt  the  user  with 
strip  aessage  no.  6  (  CDBBERT  OBJECT  VIL1  EE  WBITTEB  CVEB. 
CORTIRUE?  (I)  (R)  ).  If  the  user  picks  R  the  the  strip 
aessage  box  is  cleared  and  nothing  happens.  If  T  is  picked 
strip  aessage  no.  7  (  SELECT  QUADRART  RUBBER  OBIEHTAIIOR  TO 
BE  SATED  )  proapts  the  user  to  pick  one  of  the  quadrants  as 
the  current  objects  orientation.  If  a  guadrant  nuvber  is 
picked  that  quadrant's  orientation  becones  the  current 
object's  orientation.  Only  filled  quadrants  sill  have  their 
nuabers  light  pen  activated. 

Picking  REV  SATE  first  proapts  the  user  with  strip  tessage 
no.  3  (  PICK  RAHE  FBOH  AVAILABLE  BABES  LIST  CB  (BETURR)  )  to 
pick  a  new  naae  froo  a  list  of  unused  nates  in  the  Object 
List  Area  or  BETUBR  to  the  active  orientation  aenu  (figure 
34).  if  a  new  naae  is  selected  the  systea  then  proapts  for 
the  quadrant  containing  the  desired  orientation  with  strip 
aessage  no.  7  (  SELECT  QUADRART  RUBBER  OBIEHTATIOR  TC  BE 
SATED  ).  is  with  SAHE  SATE  only  a  filled  quadrant's  nunber 
can  be  picked.  Upon  picking  the  quadrant  a  coaplete  ccpy  is 
wade.  If  aore  copies  are  nade  the  new  naae  just  selected 
does  not  appear  as  a  possible  new  object  naae.  Also  it  any 
later  listings  of  objects  in  session  aenory  the  newly 
created  object  will  appear. 

For  ccaparison  or  other  purposes  exact  copies  of  an  object 
can  be  nade  by  rotating  the  current  object  a  positive  degree 
increaent  then  an  equal  negative  degree  increaent  and  final¬ 
ly  saving  the  orientation  as  a  new  object.  The  entire 
(re)  orientation  process  can  continue  until  all  99  available 
object  naaes  are  used  or  until  aeoory  is  expended.  Earning 
aessages  concerning  sensory  size,  if  any,  appear  on  the  3279 
display. 


Figure  34;  Orientation  Screen  before  HEi  SITE 


3.4.3  lOOP 

The  roof  operation  is  basically  a  aenu  selection  process. 
For  reasons  explained  in  Chapter  2  a  choice  of  roof 
construction  types  is  presented  to  the  nser  for  selection. 
When  the  cosaand  POOF  is  picked  the  Graphics  lrea  fills  aith 
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roof  description  itens  and  a  list  of  tnelae  cccstrocticn 
types.  The  naaber  20  strip  aessage  (  PICK  ECCP  COlSTfOCTIOR 
TIPS  10HBEB,  OB  (BZTOBH)  )  then  proapts  for  selection  fret 
the  list  or  to  return  to  the  basic  EDICT  screen  and  priaary 
aeno  (Figure  35). 
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J.  1  RIGID  INSULATION.  1  CONCRETE. 
4.  2  RIGID  INSULATION.  2  CONCRETE. 


I.  DUILT-UR  ROOT.  2  CELLULAR  GLASS. 
INSULATION.  2  CONCRETE. 


OBJECT  (t> 

READ  HOIT  DISK 

LIST-SELECT 

DELETE 

SAVE  TO  SISK 


0.  DUILT-UP  ROOT.  2  CELLULAR  GLASS. 
INSULATION.  4  CONCRETE. 


IS.  DUILT-UP  RODE.  4  RICH  INSULATION. 
4  CONCRETE.  1/7  6TP  SOARS. 


9.  DUILT-UR  ROSE.  2  CELLULAR  CLASS 
INSULATION,  2  CONCRETE.  AIR  SPACE. 
x-n.  ctp  soars. 


U.  DUILT-UP  ROOT.  N  CELLULAR  GLASS 
INSULATION.  4  CONCRETE.  1/7  GTP 
SOARS. 


MACROCLWATE 

ORIENTATION 

ROOF 

MALL 

FLOOR 

WNDOU/DOOR 

overman; 

SLDC.  3TSTEPB 


b.  DUILT-UP  ROOF.  2  CELLULAR  GLASS 
INSULATION.  4  CON  CRETE.  AIR  SPACE. 
1/7  CTP  SOARS. 


12.  DUILT-UP  ROOP.  S  CORK  SOAKS. 
4  CONCRETE.  1/2  GTP  SOARS. 


INUTERICAL 


7.  DUILT-UP  ROOF.  4  CONCRETE. 

2  CELLULAR  GLASS  INSULATION 
2  CONCRETE. 


IN.  FBNESTRATION 
S.  FBNESTRATION 


I CP1PARE 


^TO^ 


Figure  35:  Boof  Selection  Screen 
The  top  roof  descriptor  identifies  the  roof  type  as: 

1.  Pitched  w/  Suspended  Ceiling  (ABCBIHODOS  Type  1) 
2-  Pitched  a/  Cathedral  Ceiling  (AFCRIPCCCS  Type  2) 
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or  3.  Plat  «/  Suspended  Ceiling. 


Tbe  type  of  roof  deteraines  how  aach  roof  area  is  calculated 
as  affecting  interior  beat  gain  and  boa  nucb  interior  wcluve 
is  conditioned  air  voluae.  Since  ceilings  are  assuned  to  be 
(and  econoaically  should  be)  the  tberaal  barrier  (insulated) 
their  rocf  area  is  deterained  as  being  equal  to  tbe  area  of 
the  footprint.  Tbe  voluae  is  roof  area  tiacs  extericr  vail 
height  (see  Chapter  5  calculations).  Calculations  for  roofs 
vitb  roofs  vith  suspended  ceilings  however  aust  take  into 
account  the  true  roof  area  and  interior  volune  (25). 


The  next  descriptor  indicates  the  construction  type  as 
currently  defined.  If  no  definition  has  been  aade  it  will 
be  blank. 


To  sake  an  initial  roof  construction  type  definition  the 
user  picks  the  nunber  of  type  wanted,  the  nuabers  being 
light  pen  activated.  If  the  total  thickness  of  the  type 
selected  is  less  than  or  egual  to  current  type's  thickness 
the  current  construction  descriptor  will  be  updated  with  tbe 
construction  type  selected.  Otherwise,  strip  aessage  nc.  21 
(  CURRENT  BOOF  THICKNESS  IS  LESS  TRAN  CONSTRUCTION  SELECTED. 
HODIFT?  (I)  (N)  )  will  ask  if  roof  thickness  should  be  aodi- 
fied.  Picking  T  (*yes)  will  replace  the  current  with  the 
new  while  N  (=no)  does  nothing  except  return  the  original 
strip  aessage  no.  20  (  PICK  BOOF  CONSTRUCTION  TYPE  VOL  *B, 
OB  (BETOBN)  ).  Roof  construction  type  initially  defaults  to 
nuaber  2. 


To  return  to  the  basic  screen  and  active  priaary  aenu  the 
user  picks  BETUBN  in  the  strip  aessage  blcck.  This  alsc 
registers  the  current  roof  construction  type  in  session 
aenory.  In  the  exanple,  roof  construction  type  2  was 
chosen. 


3-B.B  I  All 


Vail  construction  type  definition  is  siailar  to  the  aenu 
selection  course  fer  roofs.  Picking  VAL1  brings  up  a  list 
of  19  wall  construction  types,  a  current  object  footprict, 
the  wall  secondary  aenu  and  strip  nessage/proapt  no.  22. 
Any  wall  that  has  been  previously  defined  will  have  the 
construction  type  nuxber  superiaposed  on  it  (Figure  36).  To 
begin  wall  definition  the  nuaber  of  the  construction  type 
desired  is  picked.  A  selection  indicator  (>)  appears  next 
to  the  nuaber  selected  and  updated  for  subsequent  chcices. 
To  assign  a  construction  type  to  a  wall  the  user  then  picks 
the  wall  froa  the  enlarged  foot  print.  All  walls  cc  the 
enlarged  footprint  are  light  pen  activated.  Siailar  to 
roofs,  any  increases  in  wall  thickness  due  to  type  selection 
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■ust  be  first  approved  by  the  user  through  strip  aessage  no. 
23  (  COBRIHT  BILL  THICRBESS  IS  LESS  TB1B  COBSTIOCT ICH 
SELECTED.  BODIFY?  (T)  (I)  ).  Default  construction  type  fer 
vails  is  nuaber  2. 


NAPE  c 

X 

mCRXLWATEi 

B-PRE3N0 

KCUPANTSi 

BUILDING  TTPEi 

YCCH.  SYl.a 

LI  CM  TING  STS.  1 

immi 


OBSTRUCTION 


AVMLASLE  WALL  C OBSTRUCTION  TYPESi 


1.  3/4  WOOS  SIDING.  2X4  WOOS  STUBS. 
I  1'2  MR  SPACE.  1/7  CYP  1QAPB. 


2.  J/4  WOOS  SIBING.  2X4  WOOS  STUBS. 

3  1/2  CLASS  WOOL.  1/2  CYP  SOARS. 

>  1.  3/4  WOOS  SISINC.  7/S  WOOS  PURRINC. 
8  CONCRETE  SLOCK.  2X4  WOOS  STUBS. 
3  1/2  CLASS  WOOL.  1/2  PANELING. 


4.  3/4  WOOS  SISINC.  7/8  WOOS  PURRINC. 

8  CONCRETE  SLOCK.  2X4  WOOS  STUBS. 
7/8  WOOS  PURR  IN  C.  1/2  PANELING. 


9.  1  STUCCO,  b  CONCRETE. 
1  CYP  SOARS 


SELECT  ALL 


6.  1/2  CEP® NT  PLASTER.  4  PILLEB 

CONCRETE  SLOCK.  MR3PACE.  4  PILLEB 
CONCRETE  SLOCK.  1/2  CBYB4T  PLASTER. 


7.  1/2  CEPE  NT  PLASTER.  4  CONCRETE 
SLOCK.  AIRSPACE.  4  CONCRETE  SLOCK. 
1/2  CEPE  NT  PLASTER. 


8.  1/2  CEMENT  PLASTER.  4  HOLLOJ 
TERRA  COTTA  SLOCKS.  AIRSPACE. 
1/2  CEPE  NT  PLASTER. 


>.  b  SOLIS  BRICK.  2  RIGID  2NSULPTT  UK. 
1/2  CTP  SOARS. 


13.  8  BRICK/CONC.  SLOCK.  2  RICH 
INSULATION  1/2  CYP  BOARS. 


14.  b  PRECAST  CONCRETE  SANBJICH  PAPEL. 
2  POLYURETHANE  CORE. 

19.  IS  BRICK  CAVITY  WALL.  2  RIGIB 
INSULATION  IN  CAVITY. 

lb.  18  8RICK  CAVITY  WALL. 


18.  b  HOLLOW  BRICK.  1X2  PURRINC. 
1/2  CYP  SOARS. 


17.  18  SRICK/CIS4C.  BLOCK  CAVITY  WALL. 
2  RICIB  INSULATION  IN  CAVITY. 


11.  b  HOLLOW  SRICK.  2  RICIB 
IPOULATION.  1/2  CYP  BOARD. 

12.  8  SRICK./COBC.  SLOCK.  1X2  PURRINC. 
1/2  CTP  SOARS. 


18.  18  SRICK/C04C.  BLOCK  CAVITY  HALL. 

18.  4  BRICK  VEMEER.  1/2  INSULATION 
SOARS  SHEATHING.  2X4  WOOS  STUBS. 
BATT  CR-11)  INSULATIOC  1/2  CYPSIK 


3.1.5  U<>9! 


Since  all  aodels  analyzed  by  EDICT  are  assoaed  to  be  slab- 
on-grade  construction  there  vill  be  no  appreciable  heat 
transfer  through  the  floor.  Any  contribution  to  the  heat¬ 
ing/cooling  loads  froa  the  floor  then  vill  cose  fcri  the 
floor  slab  periaeter.  Standard  practice  vith  floor  slabs, 
in  fact  required  by  code  in  soae  states,  is  to  insulate  the 
slab  periaeter  to  ainiaize  vhat  floor  heat  gain  and  loss 
there  aight  be  (22).  Sith  this  in  Bind  EDICT  has  sc  user 
interaction  for  the  PLOOB  coaaand.  Instead,  vhen  the  aser 
picks  the  coaaand  FLOOB  an  inforaative  nessage  about  the 
periaeter  insulation  appears  in  the  graphics  area  (Figure 
37). 


FOR  COMPARISON  PURPOSES,  ACL  FLOORS  ARE  CONSIDERED  SLAB  ON 
GRADE  WITH  PERIMETER  INSULATION  AND  A  HEAT  LOSS  RATE  OF 
.  SS  BTU-'HR  ■  FT  ■  DEGREE  F. 


Figure  37:  Floor  Hessagc 

The  sate  periaeter  insulation  is  used  for  all  objects  so 
fair  conparisons  between  different  objects  can  be  cade.  The 
0-value  chosen  is  enforced  by  several  building  codes  and  ar 
econoaical  choice. 
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3.4.€  HjPgl/POfil 


To  aanipulate  openings  (windows  and  doors)  IDECT  oscs  the 
Bindov/Coor  Secondary  Benu  and  teo  different  screees  it  the 
Graphics  Area.  Bhen  the  coaaand  BIRDCB/DCGB  is  picked  the 
secondary  Benu,  initial  graphic  area  screen  and  strip 
aessage  no.  9  (  PICI  BALL  PBCH  EBLABGED  FCCTPBIBT  OB  "BAIR 
BEBD"  TO  BETOBN  )  are  broaght  up  (Figure  38). 


PB  FT 

V 

FUUT PRINT - 

—  1 1  ii  i  i  ne  1 1 1  —  i 

matociimrti 

■CCUPPHTSi 
MXLSXNC  TTPti 

recM.  m.i 
LIGHTING  SYS.i 


t 

i-finw 


mnbou/'boor  types 
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bouile-hinc  SCSI  WJS  uinbou 
1  NOt-WEATKERSTRIPPEI 
*  MEATHER3TRXPPE1 

DOUILE-HING  PfTAL  PRPPIE  WINDOW 
1  NON-WEATHERSTRIPPEB 
4  WEATHER  STRIPPED 

ROILED  STEEL  PRPME  BLAZED  WINDOLLTIOOR 
9  INBUS  TRIAL.  PIVOTED  (OR  PUN  INC) 
fc  RESXBB4TXAL.  CAEB4EHT (OR  HINGES) 

WOOD  OR  rCTAL  I00R 
T  NW4-WEATNERSTRIPPED 
I  WEATHER STRIPPED _ 

tLAZINt  ' 


5  S1NCLE 
D  DOUBLE 
T  TRIPLE 


MAIN  P®«1 

OPENING 

ABB 

1CLETE 

SHAPE  >^> 

DEPIKC  TYPE 

SELECT 
1  I 

CLEAR 
1  I 


Figure  38:  Beginning  (Basic)  Bindov/Coor  Screen 

The  footprint  it  the  upper  right  guadrant  is  in  the  sane 
proportion  to  its  window  as  the  Object  Data  Box  footprint  is 
to  its  window.  All  walls  on  the  larger  footprint  are  light 


pen  active.  The  lover  right  quadrant  contains  the  opening 
types  definition  aenu  which  is  divided  into  tvo  farts; 
construction  choices  and  glazing  choices.  The  nuabers  neit 
to  the  construction  types  and  the  letters  S,  D,  and  T  next 
to  the  glazing  types  are  also  light  pen  activated. 

To  begin  vorking  openings,  the  vail  on  which  openings  will 
be  worked  aust  be  picked.  Note  that  a  vail  does  not  have  tc 
have  openings  before  being  picked.  Before  a  vail  is  picked 
all  coaaands  are  in  a  teaporarily  inactive  state.  fiber  a 
wall  is  picked  the  Graphic  lrea  is  replaced  with  an 
elevation  of  that  wall,  scale  Barker,  scale  change  covaacd, 
and  strip  aessage  no.  10  (  SELECT  CFESING->CPEF 1TICN, 
(FETOFN)  ,  OP  S1VE  IN  filSDOB  1  2  )  coses  up  (Figure  39). 
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riSS£e_12i  second  findow/Door  (Elevation)  Screen 

The  elevation  appears  at  a  scale  proportional  to  the  Graph¬ 
ics  Area  as  the  footprints  -  both  in  the  Object  Data  Be*  and 
the  previous  screen  -  are  to  their  respective  windows.  The 
elevation  can  be  scaled  np  or  down  by  picking  0  C°F)  CI  ® 
(down)  froa  the  Scale  Change  Coaaand.  If  there  are  any 
overhangs  on  the  wall  they  are  differentiated  frot  eperiegs 
by  a  lighter  intensity  on  the  3251.  Openings  are  light  pen 
activated.  Froa  this  screen  the  user  nay,  at  ary  tiie, 
return  to  the  previous  screen  by  picking  BETOFH  in  the  strip 
aessage  to*.  Also  in  this  screen  only  the  conrands  lit, 
DELETE  and  the  aoveaent  disks  SHAPE  and  THAIS  are  active. 


Before  covering  EDICT*  e  opening  sizing  and  positioning  capa¬ 
bilities,  a  brief  explanation  on  tbe  aoveaent  disks  is 
warranted. 


poveaeat  Disks  Descrintlpn 

Used  in  both  opening  and  overhang  operations,  the  acveaent 
disk  is  an  iaportant  EDECT  -  nser  interaction  device. 
Graphically  it  appears  as  a  pattern  of  12  varying  sized 
arrowheads  arranged  around  a  coaaand  anenonic  (Figure  40). 


Figure  40;  Hoveaent  Disks  (lindow/Door  Secondary  Hcnu) 

Each  arrowhead  is  light  pen  activated  and  represents  the 
nuaber  of  inches  of  coaaand  anenonic  novenent.  For  example, 
the  saallest  arrowhead  pointing  up  fron  the  SHAPE  cciaand 
will  elongate  the  active  opening  by  2  inches  in  the  verti¬ 
cal,  and  the  largest  arrowhead  pointing  to  the  left  widens 
an  opening  by  20  inches  in  the  horizontal.  All  aoveaent 
disk  arrowheads  throughout  EDECT  syatolize  the  sate  inch 
quantities  shown  in  Figure  40.  Arrowheads  pointing  down  or 
to  the  left  stand  for  negative  quantities.  The  nature  of 
each  aoveaent  disk  coaaand  will  be  explained  individually. 


§hgpjng.fnd,  Hoving.Opeaj.nqg 

To  shape  or  move  an  opening  on  an  elevaticr  tbe  user  must 
first  pick  the  opening  to  Bake  it  active.  There  can  he  no 
aore  than  one  opening  active  at  a  time  and  tbe  user  car 
activate  any  opening  on  tbe  elevation  screen  at  any  time. 


The  active  opening  is  identified  by  a  higher  intensity  than 
any  other  opening.  Activating  one  opening  deactivates  any 
previously  active  openings.  Tbe  coaaands  available  to  oper- 
ate  on  an  active  opening  are  DELETE,  SHAPE  and  1PANS. 
DELETE  erases  the  active  opening,  SHAPE  changes  the  size  per 
arrowhead  picked,  and  TBAHS  noves  the  opening  in  the  direc¬ 
tion  and  increment  of  the  arrowhead  picked.  The  SHAPE  tran- 
sforaations  operate  on  a  box-scale  principle  where  the  letter 
left  hand  corner  of  the  opening  is  fixed  and  top  (for  up  and 
down  arrowheads)  or  left  (for  left  and  right  arrowheads) 
opening  segnent  noves  in  the  increnent  picked. 

The  following  figure  shows  the  exaaple  elevation  after  the 
transon  like  opening  (assuning  the  largest  opening  is  a 
door)  has  been  redefined  with  the  aoveaent  disks.  After 
activation  it  >as  reshaped  by  two  (2)  -20  inch  left  SHAPE 
arrowhead  picks  followed  by  a  20  inch  and  a  2  inch  right 
SHAPE  arrowhead  picks  (Eigure  41). 


Figure  41:  Opening  Shaping  and  Translation  Exaaple 

The  ADD  conaand  facilitates  adding  an  opening  tc  a  wall. 
When  the  scaled  elevation  screen  cones  to  view  the  ADD 
conaand  is  activated.  Picking  ADD  causes  a  24"  x  24"  open¬ 
ing  to  appear  below  and  centered  to  the  elevation.  When  at 
opening  is  added  it  becoaes  the  active  opening  and  can  be 
operated  on  like  any  other  active  opening.  In  the  follcwing 
exaaple  figure  the  ADD  coaaand  was  picked  and  the  new  open¬ 
ing  was  translated  up  to  a  position  above  the  overhang  (Fig¬ 
ure  42)  . 


Figure  42:  Opening  Addition  and  Translation  Exaiple 


leturninq  to  the  Basic  lindoi/Door  Screen 

To  return  to  the  basic  window/door  screen  the  user  has  two 
basic  options;  return  without  saving  the  elevation  screen  or 
save  the  elevation  screen  in  one  of  two  beginning  screen 
windows.  To  return  without  saving,  BETUBH  in  the  strip 
■essage  box  is  picked  and  the  basic  screen  reappears  as  it 
was  before  the  elevation  screen  was  brought  up. 

To  save  an  elevation  for  further  opening  operations  the  user 
picks  either  1  or  2  in  the  strip  nessage  box.  Picking  1 
will  save  the  elevation  in  the  upper  left  window  of  the 
window/door  basic  screen  and  2  will  save  to  the  lower  left 
window.  1  pound  sign  (t)  behind  the  1  or  2  leans  the  window 
already  has  an  inage  and  saving  to  it  will  erase  that  iiage. 
Before  saving  EDECT  checks  for  illegal  opening  conditions. 
An  illegal  opening  condition  is  one  where: 

a)  two  or  sore  openings  overlap 

b)  an  opening  extends  below  the  interior  floor 
elevation  (assuned  to  be  10”  above  grade). 

c)  an  opening  extends  above  the  ceiling  (top 

of  wall  sinus  roof  construction  type  thickness). 

d)  an  opening  extends  beyond  the  side  segments  of 
an  elevation. 

Any  violation  of  the  above  conditions  results  in  strip 
nessage  no.  13  (  ILLEGAL  0PENING/C0KDITIC1!  EXISTS.  TF0S- 
TBATED?  ICO  HAT  (FETUBN)  )  being  issued  which  aliens  the 
user  to  return  to  the  basic  screen  by  picking  BETUBH.  The 


user  nay  also  atteapt  to  eliainate  the  illegal  condition  by 
deleting,  reshaping,  or  translating  openings. 

In  the  following  figure  the  ezaaple  elevation  froa  above  was 
saved  to  window  1.  The  nunber  8  inside  the  largest  cpecirg 
of  window  1  indicates  that  opening  was  previously  defined  as 
door  construction  type  8.  The  nuaber  1  on  the  fcctprint 
segment  indicates  that  segaent  corresponds  to  the  wall 
elevation  in  window  1.  (Figure  43). 


Figure  43;  Basic  Vindov/Door  Screen  w/  Saved  Elevaticr 


Defining  Opening  Construction  and  Glazing  Types 

With  an  elevation  in  window  1  and/or  2  of  the  basic  screen, 
opening  construction  type  and  glazing  (re) def initicr  car 
occur.  With  window  1  and/or  2  filled  the  active  comitands 
are  (IAIN  HESS,  DEFINE  TYPE,  SELECT,  and  CLEAN.  The  enlarged 
footprint  segnents,  elevation  openings,  and  window/door  type 


53 


menu  a uabers /letters  (S,D,T)  are  also  light  per  active. 
Bindov/dcor  type  definition  is  done  by  picking  (1)  DEFINE 
TYPE,  (2)  the  opening, then  (3)  the  construction  and/or  glar¬ 
ing  type.  Picking  this  segaence  deactivates  SELECT,  CLEAN 
and  the  footprint. 

If  the  constroction  type  picked  is  either  1  or  8,  which  are 
solid  doors,  the  glazing  letters  can  not  be  picked.  If 
constroction  type  1-6  are  picked  and  a  glazing  type  is  net 
picked  a  default  glazing  value  sill  be  used  in  the  analysis 
calculations.  Opening  default  values  are  nutber  (  fer 
construction  type  and  S  (single)  for  glazing  type. 

then  an  opening  is  picked  in  the  above  type  selection 
seguence  it  is  highlighted  to  indicate  it  is  active.  In 
active  opening  can  be  (re) defined  with  ccnstructicn/glazicg 
types  as  often  as  the  user  wants.  Each  tine  a  nev 
construction/glazing  type  is  picked  its  nuaber  cr  letter 
appear  inside  the  active  opening.  If  another  opening  is 
activated,  the  nost  recently  selected  ccnstructicn/glazing 
identifiers  will  renain  in  the  now  deactivated  window.  The 
following  figure  shows  the  ezanple  vith  the  two  openings 
above  the  door  defined  as  residential,  casenent  (or  hinged) 
rolled  steel  frane  window/door  with  single  glazing,  (Figure 
44)  ,  the  transon  being  active. 


Figure  44;  Bindov/Door  Type  Definitior  Exanple 

If  the  user  wishes  to  nake  all  the  objects*  epening 
construction/glazing  types  the  sane  as  as  the  active  open¬ 
ing,  strip  aessage  no.  15  will  accelerate  the  process.  Strip 
message  no.  15  is  issued  when  the  coanand  DEFINE  3  YFE  is 
picked,  it  reads: 

PICE  C FEEING  ->  TYPE.  ALL  (DEFINED) / (UN DEFINED) 

OPENINGS  SAKE? 


(FE3UFK) 
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The  words  DEFIBED,  OHDEFIBED  and  BETOBI  are  light  pen 
active.  Picking  DEFIHBD  aakes  all  previously  defined  object 
openings  the  save  as  the  active  opening  while  DHDEFIBFD 
copies  the  active  vindov*s  definition  onto  all  undefined 
openings.  BETUBH  is  picked  to  leave  the 
constraction/glazing  definition  process  and  reactivate  the 
footprint  and  coaaands  SELECT  and  CLEAB.  The  next  figure 
illustrates  this  global  definition  technigue. 
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Figure  45:  Global  Copy  Illustration 

When  the  trarsox  opening  in  window  1  was  active  ONCEFIKED 
was  picked  after  defining  the  transoa  as  type  *6S*.  The 
elevation  in  window  2  (froa  the  east  side  of  the  cbject) 
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ww 


illustrates  the  four  openings  of  that  elevation  vere  previ¬ 
ously  not  defined  and  received  the  sane  definition  as  the 
active  opening  (Figure  45) . 


Selecting  An  Opening  Definition 

■hen  the  user  wants  to  copy  either  window  1  or  2*s  elevation 
onto  the  object  the  nunber  1  or  2  (corresponding  tc  the 
windows)  under  the  connand  SELECT  is  picked.  Before  aaking 
the  copy  EDECT  will  verify  the  user's  intent  with  strip 
nessage  no.  12  (  PEBBAIEHT  OPEEIIGS  Bill  BE  CHIBGEt! ! 

CONTIBUE?  (T)  (H)  ).  flaking  a  successful  ccpy  will  update 

the  isonetric  view  in  the  object  data  box  and  store  the 
window/door  types  in  neaory.  The  window  fron  which  the 
elevation  is  copied  is  also  cleared.  To  clear  a  window 
without  saving  its  contents  the  1  or  2  under  the  ccxiand 
CLEAR  can  be  picked. 

To  terninate  opening  definition  and  return  the  priwary  aeno 
BAIN  flENO  is  picked. 


3-*-7  SHIMS 

Adding,  deleting,  sizing  and  positioning  overhangs  are  dene 
by  picking  this  connand.  Bhen  the  connand  CVEEHlNG  is 
picked  fron  the  prinary  nenu  an  object  iscwetric  is  brought 
up  in  the  Graphics  Area,  the  Overhang  Secondary  Benu 
appears,  and  strip  nessage  no.  18  (TO  ADD  CTEBHANG,  PICK 
RAIL  BOTTOfl.  ELSE  PICK  OVEHHABG  ->  OPERATIOB  )  is  issued 
(Figure  46).  The  isonetric  inage  is  the  sane  view  and 
proportion  as  the  object  data  box  view. 
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Tiqare  46;  Exaaple  Screen  After  Picking  CVEBH ANG 

The  isoaetric  view  can  he  changed  at  anptiae  daring  overhang 
(re) definition  asing  the  ROTATE  conaand  in  the  bottoi  right 
corner  of  the  Graphic  Area.  Siailar  in  concept  to  the  aove- 
aent  disks,  the  arrowheads  on  either  side  of  ROTATE  repre¬ 
sent  an  increaental  degree  of  rotation  the  isoaetric  view 
will  be  rotated  at  when  picked.  The  incrcaccts  arc: 


<  <  < 
>45  -15  -5 


BOTATE 


>  >  > 
5  15  45 


-  degrees 


where  positive  nuabers  are  clockwise  rotations  and  negative 
counterclockwise.  The  following  figure  illustrates  the 
ezaaple  object  being  rotated  a  positive  90  degrees  in  inc re¬ 
sents  of  15  degrees  (Figure  47). 
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light  pen.  When  the  base  is  picked  an  overhang  of  default 
size  eaerges  on  the  nail.  Default  overhang  size  is  12  inch¬ 
es  deep  z  24  inches  thick  z  the  vidth  of  the  vail;  depth 
being  the  distance  an  overhang  eztends  ana;  froa  a  vail, 
thickness  the  vertical  distance  betveen  top  and  bottoi  over¬ 
hang  faces,  and  vidth  the  horizontal  distance  betveen  over¬ 
hang  side  faces.  Default  position  fcr  a  newly  added 
overhang  is  vith  top  face  of  the  overhang  even  vith  the  top 
of  the  vail.  The  backface  of  any  overhang  is  coplatcr  tc 
the  plane  of  the  vail  picked  to  have  the  overhang. 

When  an  overhang  is  added  to  a  vail  it  autczatically  bccctes 
the  active  overhang.  An  active  overhang  is  indicated  by  a 
higher  line  intensity  than  any  other  overhang.  All  inactive 
overhangs  are  light  pen  sensitive  and  if  one  is  picked  it 
becomes  the  active  overhang.  The  BOTE,  SIZE  and  DEEP  arrcv- 
heads  as  veil  as  the  the  command  SELECT  are  active  only  vhen 
there  is  an  active  overhang.  Only  one  cverhang  car  be 
active  at  a  time.  A  vail  can  have  multiple  overhangs,  too. 

Deleting  an  overhang  from  the  isometric  picture  is  dcrc  by 
first  making  the  subject  overhang  active  then  picking  the 
command  DELETE.  This  deletion  does  not  affect  the  current 
object  unless  the  command  SELECT  is  picked  (see  selecting 
information  belov). 


Siling_and_fgsitJonirg_5yerhasgs 

The  movement  disks/a rrovheads  around  the  command  mnemonics 
HOVE,  SIZE,  and  DEEP  control  an  active  overhangs  pcsiticr 
(on  its  vail  plane)  and  size.  The  HOVE  and  SIZE  arrowheads 
operate  vith  the  same  inch  increments  as  the  opening  move¬ 
ment  disk  arrowheads  (see  Boveaent  Disks  Description  in 
subsection  3.4.6).  The  DEEP  arrowheads  are  incremented 
thus: 

<  <  <  DEEP  >  >  > 

-20  -15  -5  5  15  45  -  inches 

where  a  positive  number  eztends  the  front  overhang  face  away 
froa  the  vail  and  a  negative  number  contracts  the  frert  face 
towards  the  vail. 

The  following  figure  shows  an  overhang  that  has  been  added 
to  the  example  object* s  western-most  mall.  The  labels  indi¬ 
cate  the  direction  in  which  the  arrowheads  zanipulatc  the 
overhang.  BOVE  adjusts  overhang  wall  position  and  SH1PE 
changes  the  active  ovechang*s  width  and  thickness  (Figure 
48)  . 


Figure  48;  Overhang  Manipulation  Illustration 


Nhenever  the  user  wishes  to  record  the  overhang  condi tier  as 
it  appears  in  the  Graphics  Area,  the  coaaand  SELECT  is  used. 
Picking  SELECT  records  the  overhang  state  to  session  xexcry 
and  reflects  the  sane  state  in  the  Object  Data  Eox  view, 
after  user  intent  verification  by  strip  sassage  no.  19  ( 
PERMANENT  OVERHANGS  HILL  CHANGE!!!  CONTINUE?  (T)  (N)  ).  The 
current  object's  overhangs  will  be  updated  as  ofter  as 
SELECT  is  picked  and  SELECT  can  be  picked  aore  than  once 
before  returning  to  the  prinary  senu.  Returning  tc  the 
prinary  aenu  is  done  by  picking  coanand  H AIN  HENU. 

The  next  figure  is  the  result  of  aanipulating  the  active 
overhang  fron  Figure  48  by  +20  inches  DEEP,  +9  inches  thick- 
ness  (SIZE),  and  -9  inches  HOVE  down.  The  large  overhangs 
on  either  side  of  the  entry  way  have  also  been  deleted. 
Picking  SELECT  after  these  changes  would  reflect  the  changes 
in  the  current  object's  session  data  and  the  Southwest  View 
in  the  data  box  above  would  regenerated  to  appear  as  the 
large  isoaetric  view  appears  (Figure  49). 
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This  coaaand  is  a  composite  coaaand  in  that  it  represents 
foar  distinct  (re) definition  procedures  which  define  an 
object's  building  type,  number  of  occupants,  lecharieal 
systea  and  lighting  systea.  Picking  the  primary  coaaand 
BLOG.  SYSTEMS  brings  up  four  definition  windows  iz  the 
Graphics  Area  and  strip  aessage  no.  17  (  PICE  SE1ECTICBS.  TO 
BEGISTEB  SELECTIONS:  (FETUBH)  ).  The  four  definition 
windows,  one  per  definition  procedure,  occupy  egual  area 
quadrants  of  the  Graphics  Area  and  are  labeled  B0I1DI1G 
TYPE,  0CCUP1ITS,  HECHAMICAL  SYSTEM,  and  11GBTISG  SYSTEM 
(Figure  50). 
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figure  50;  Screen  After  Picking  BIEG.  SYSTEMS 
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Daring  BLDG.  SYSTEBS  (re) definition  all  priaary  aena 
coanands  reaain  inactive.  The  active  aneacnics  are  the  aena 
types  for  bailding  type,  aechanical  systea,  lighting  systea; 
the  naabers  in  the  occapant  •pick*  pad,  BESET  in  the  occu¬ 
pant  gaadrant,  and  BETUBB  in  the  strip  aessage  box. 
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Building  type,  aechanical  systea  and  lighting  systea  are 
selected  in  a  like  aanner:  the  user  siaply  picks  the  aena 
item  desired.  Upon  picking,  a  selection  indicator  (>)  is 
placed  to  the  left  of  the  itea.  In  Figure  50  the  aenu  iteas 
RESIDENTIAL  (building  type) ,  GAS-FIRED  (aechanical  systea) 
and  INCABDESCEHT  (lighting  systea)  have  been  picked.  Only 
one  itea  per  gaadrant  can  be  indicated  as  selected  and 
farther  selections  apdate  the  indicator. 


Selecting  Occapaats 

(Be) defining  nuaber  of  occupants  regaires  a  different  proce¬ 
dure  froa  the  other  three  BLDG.  SYSTEBS  coaponents.  To 
establish  occapant  nuaber  the  user  picks  the  desired  nuaber 
froa  the  *pickf  pad  (enclosed  nunbers  within  the  occupant 
guadrant).  Picking  aore  than  one  nuaber  has  a  emulative 
effect  on  the  total  occapant  nuaber  which  is  tallied  next  to 
the  alphanuaeric  TOTAL:  in  the  occupant  gaadrant.  For  exaa- 
ple  picking  16  ->  16  ->  2  in  seguence  would  display  3#  to 
the  left  of  TOTAL:. 

Picking  BESET  zeroes  oat  the  total  naaber  so  the  user  can 
start  over.  In  Figure  50,  occupants  have  been  defined  at  5. 


Ies4§teriag_§ele£tigas 

then  all  the  desired  selections  have  been  Bade  the  user  Bay 
assign  thea  to  the  current  object  by  picking  RETURN  in  the 
strip  vessage  box.  This  clears  the  Graphics  Area  and  strip 
aessage  box;  lists  the  selections  in  the  Object  Data  Gcx; 
and  reactivates  the  priaary  aena.  For  analysis  purposes, 
any  B1DG.  SYSTEB  eleaent  that  has  not  been  oscr  defined  will 
default  accordingly: 
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The  following  figure  is  the  condition  of  the  Object  Data  fez 
after  the  selections  of  Figure  50  were  registered  tc  the 
enrrent  object  (Figure  51) . 


Figure  51;  Data  Block  after  BLDG.  SISTERS  Begistration 


3.5  hfllTEB  Connands  Category 

When  the  user  is  satisfied  with  the  current  object's  defi¬ 
nitions,  or  if  (s)he  wants  to  nake  an  interin  check  on  the 
current  object's  energy  performance  the  twe  cozcands  GBAFH- 
ICAL  and  NUHEBICAL,  in  this  category,  are  picked.  A  graph¬ 
ical  and/or  numerical  analysis  by  ZDECT  is  rapid  and  can  be 
perforned  at  any  stage  of  the  energy  design  and  as  often  as 
desired.  The  current  object  design  parameters,  whether 
defaulted  or  user  defined,  at  the  tine  either  analysis  is 
called  for  are  the  ones  used  in  the  energy  calculations. 
The  next  chapter  elaborates  those  calculations. 


3.5.1  GB1FHIC11 

To  obtain  a  graphical  analysis  on  the  current  cbject  the 
connand  GRAPHICAL  is  picked  which  results  in  the  graph  plot 
of  object's  envelope  energy  perfornance  over  a  year's  tite 
at  sanpling  points  for  the  15th  of  each  aonth  and  every  hour 
in  a  24  hour  period.  Beat  gain  is  plotted  above  the  C  plane 
frane  and  heat  less  below  (Figure  52).  Interpretation  of 
the  graph  is  straight  forward  once  the  principles  of 
subsection  2.7.8  -  Graphical  Analysis  -  are  grasped. 

After  the  plot  is  complete,  all  prinary  ccxiands  are  active 
and  the  graph  inage  stays  in  the  Graphics  Area  ontil  cleared 
by  another  connand. 


3-9-2  10HE1IC1L 

Picking  the  conaand  IOHEBICAL  invokes  EDICT'S  energy  analy¬ 
sis  procedure  which  produces  results  in  tuo  forns:  detailed 
and  abbreviated.  The  detailed  nunerical  analysis  is  format¬ 
ted  and  appears  on  the  3279  display  screen.  Depending  on 
the  current  object,  several  screens  north  of  detailed  analy¬ 
sis  forts  will  appear  on  the  3279.  The  user  can  wait  for 
the  9341  operating  systen  to  cycle  through  the  analysis 
screens  -  at  a  rate  of  one  sinute  per  full  screen-  or  view 
each  screen  at  his/her  own  rate.  To  nove  fret  one  screen  tc 
the  next  the  3279  keyboard  keys  'ALT*  and  *FIE1D  HAJK'  are 
pressed  at  the  sane  tine.  'ALT'  ♦  ■CDBSB  SE1*  also  bring  up 
the  next  screen.  If  the  user  wants  to  view  a  screen  for 
nore  than  one  ninute  pressing  the  • ESTER  *  key  on  the  3279 
keyboard  will  hold  the  present  screen  until  nanually 
refreshed  with  the  next  screen.  The  user  tay  also  bypass 
the  3279  screen  analysis  by  entering  "HT"  (for  halt 
typing) on  the  3279  keyboard  before  picking  R0HEBICA1.  The 
3279  aonitor  will  then  display  nothing  until  "BT"  (resune 
typing)  is  entered 

Hhen  the  detailed  analysis  is  coapleted  the  abbreviated 
version  cones  up  in  the  Graphics  Area  of  the  3251  display 
(Figure  53). 

Both  the  extended  and  suanary  energy  use  results  are  arnual 
and  in  fact  the  annual  energy  sunaary  is  nade  up  of  key 
selections  froa  the  detailed  analysis. 

Along  with  the  Annual  Energy  Dse  Sunaary  strip  aessage  no. 
26  (  DO  ICO  WISH  TO  SAVE  THE  AHALYSIS  TO  BISK?  (Y)  (K)  )  is 
brought  up  asking  the  user  if  (s)he  wishes  to  write  the 
detailed  annual  energy  analysis  to  disk.  Picking  Y  (=y es) 
aakes  a  copy  of  the  extended  analysis  to  disk  stcrage  (see 
Appendix  C  for  details)  while  H  (=no)  only  clears  the  strip 
aessage  box.  A  pick  of  either  Y  or  H  leaves  the  Arnual 
Energy  Dse  Sunaary  on  the  screen  and  reactivates  the  priaary 
connand  aenu,  which  was  inactive  since  picking  NDHEBICAL. 
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In  the  hope  of  improving  energy  performance,  EDECT,  when 
requested,  vill  make  a  nuaeric  determination  on  the  energy 
design  of  three  aspects  of  the  current  object;  perineter 
versus  area,  north  fenestration  and  south  fenestraticn.  If 
directed  further,  the  neaning  of  the  deteraination  and  how 
it  affects  energy  consunption  vill  also  be  given.  The  deter¬ 
minations  and  explanations  for  all  three  aspects  are  handled 
similarly  by  EDECT. 


3.6.1  E  VS.  1 

This  command,  vhen  picked,  displays  the  current  objects 
perineter  versus  area  ratio  in  the  Graphics  Area  of  the  3251 
display  and  a  strip  message  no.  24  (  ICO  BAT  BEQUEST  ABEI- 
TI0NA1  (EXPLANATION)  CB  (BETUBN)  )  which  asks  the  user  if  at 
explanation  of  the  ratio  is  manted  (Figure  54).  The  word 
EXPLANATION  of  strip  message  no.  24  is  light  pen  active  ard 
picking  it  vill  give  the  explanation  to  the  determination 
below  the  deteraination  in  the  Graphics  Area.  After  the 
explanation  is  displayed  the  strip  nessage  bcx  is  cleared  of 
all  text  except  BETUBN  (Figure  55).  Picking  BETUBN,  whether 
or  not  an  explanation  is  reguested,  clears  the  Graphics  Area 
and  Strip  Hessage  Box  and  reactives  the  primary  menu. 
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Figore  54:  Screes  After  Picking  P  VS 
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AN  IDEAL  PERIMETER  VS.  AREA  CP  VS.  A)  RATIO  IS  1. 00.  THE 
P  VS.  A  RATIO  CAN  BE  BROUGHT  CLOSER  TO  1.00  BY  REDUCING 
THE  LIFEAR  FEET  OF  EXPOSED  WALL  PER  SQUARE  FOOT  OF  FLOOR 
AREA. 


THE  IDEAL  P  VS.  A  FLOOR  PLAN  SHAPE  IS  A  CIRCLE. 


figure. 55;  Screen  iith  P  vs.  1  Patio  and  Explanation 

3-6-2  1-  FBBEST11TI01 


This  ccaaand  operates  like  the  P  TS.  I  coaaand  but,  of 
course,  with  a  different  deteraination  and  explanation.  The 
north  fenestration  deteraination  is  siaply  a  percentage 
figure  representing  the  aaount  of  north  oriented  wall  area 
taken  up  by  openings.  The  next  figure  shows  the  deterai- 
nation  and  explanation  for  the  exaaple  object  (Figure  56). 
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3K  OF  THE  CURRENT  OBJECT  NORTH  ORXENTEO  MALLS  ARE 
OPENINGS  (DDORS''UXNDOWS)  . 

FROM  AN  ENERGY  STANDPOINT.  NORTH  ORIENTED  OPENINGS  ARE 
DETRIMENTAL  IN  THAT  THEY  LOSE  EXCESS  AMOUNTS  OF  HEAT 
DURING  A  HEATING  SEASON  AND  GAIN  HEAT  DURING  A  COOLING 
SEASON. 

REDUCING  THE  SQUARE  FOOTAGE  OF  NORTH  ORIENTED  OPENING 
WILL  IMPROVE  ENERGY  PERFORMANCE. 

Figure  56:  Example  I.  Fenestration  Improvement  Hessage 


3. (.3  S.  MBSTlfflfil 

This  coaaand  also  operates  like  P  VS.  A  tut  its  deterai- 
nation  is  a  percentage  representing  the  sguare  footage  of 
southern  oriented  openings  vhich  receive  nc  beneficial  shad¬ 
ing  throughout  the  year  froa  overhangs.  The  following 
figure  is  the  deternination  and  explanation  aessage  fez  the 
exaaple  object  (Figure  57). 


27X  OF  THE  CURRENT  OBJECT  SOUTH  ORIENTED  OPENINGS  RECEIVE 
NO  BENEFICIAL  SHADING  FROM  ANY  SHADING  DEVICE. 


NON-SMADED  OPENING  AREA  GAIN  EXCESSIVE  INSOLATION  MEAT. 
PROPERLY  PLACED  SHADING  DEVICES  (OVERHANGS)  WILL  IMPROVE 
ENERGY  PERFORMANCE. 

Fjqnre  57;  Example  S.  Fenestration  Iaprovcaent  Hessage 


3.7  COHP11E 

This  conaand  initializes  EDICT* s  process  for  conparing  the 
graphical  analyses  of  up  to  four  objects  coinstantancously. 
Bhen  coapare  is  picked  the  basic  screen  fortat  is  replaced 
with  the  screen  shown  in  Figure  58.  The  Ctject  list  Irea 
and  Coaaands  Area  renain  but  the  Graphics  Area  and  Cbject 
Data  Box  are  replaced  with  four  egual  sized  coaparison  quad¬ 
rants.  Each  quadrant  is  numbered  in  the  upper  left  ccrner. 
The  Object  List  Area  contains  a  list  of  all  objects  in 
session  aeaory  while  the  primary  menus  are  replaced  with  the 
Coapare  Secondary  Henu  (Figure  58)  . 


Figure  56:  Screen  After  Picking  CCtEARE 

To  bring  an  analysis  graph  and  isometric  iiagc  cf  an  cbject 
into  a  guadrant  the  user  folloiis  a  three  step  procedure:  (1) 
pick  the  guadrant  number  (belcv  the  coisand  CUAEFANT),  (2) 
pick  the  object  (from  the  list  of  objects),  (3)  pick  the 
coaaand  GRAPHICAL-  The  order  of  these  steps  is  net  crit¬ 
ical,  but  all  three  need  to  be  picked-  Alsc,  befere  the 
three  steps  are  completed,  the  user  may  change  the  guadrant 
choice  or  the  object  number  choice.  Once  tie  third  step  is 
chosen,  the  selected  guadrant  is  filled  immediately.  The 
following  figure  shows  the  condition  of  the  ccipare  screer 
after  guadrant  number  1  and  GBAPBICA1  mere  picked.  The 


vs^v>' 


this  case  picking  the  object*  has  not  been  completed  (figure 
59). 


Figure  59:  Upper  Coapare  Screen  Exaxple 

The  Check  Hark  and  Vuaber  Box  appear  after  GRAPHICAL  and  the 
quadrant  nunber  are  picked.  They  disappear  when  the  guad- 
rant  is  filled*  that  is*  vhen  the  third  step  is  acccm- 
plished.  In  the  above  exanple*  the  third  step  vas  picking 
object  2  fron  the  Object  List  Area  vhich  resulted  in  plot¬ 
ting  object  2's  energy  performance  graph  and  the  object 
isonetric  in  quadrant  1  (Figure  60). 

The  energy  graph  is  labeled  vith  single  digits  or  nuabers 
vhich  stand  for  (going  counterclocksise) : 

S  -  Decenber 
S  -  Septesber 
J  -  January 
B  -  Barch 
6-6  A.B. 

1  -  Boon 
6-6  P.B. 

B  -  Bidnight  . 


Figure  60;  Upper  Coapare  Screen  v/  Quadrant  1  Tilled 

The  letters  S  and  ¥  in  the  lover  left  hand  corner  cf  the 
quadrant  are  light  pen  activated  and  stand  for  scale  and 
viev  respectively-  They  aanipulate  the  isoaetric  iaage  of 
the  object  in  the  sane  vay  as  the  scale  and  viev  selects  of 
the  Object  Data  Box  (see  subsection  3.3.5)  to  give  the  user 
a  aore  descriptive  viev  of  the  object. 

k  guadrant  can  be  filled  aore  than  once  in  a  call  to  CCBPkBf 
vith  the  obvious  caution  that  any  iaagcs  already  it  that 
quadrant  will  be  lost.  Picking  Bain  Benu  returns  the  basic 
screen  and  priaary  aenu.  Bhatever  object  vas  current  befcre 
picking  COHPABE  vill  still  be  current  and  its  description 
vill  appear  in  the  Object  Data  Box. 

The  last  iaage  of  this  chapter  is  a  coapare  screen  vith  all 
four  quadrants  filled  vith  different  objects  and  their  eter- 
gy  graphs  (Figure  61). 
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Figore  61:  Cob  pa  re  Screen  6  Four  Objects 


A.  Ail  1DBCT  Design  Bzanplc 


This  chapter  presents  an  ezanple  of  hen  the  f DECT  systex  can 
te  used  to  inprove  a  building  design*  with  respect  to  ezergy 
efficiency.  The  building  nodel  used  in  this  ezanple  was 
first  created  on  the  ABCHIHODOS  systen  and  saved  ct  disk  as 
object  1.  This  ezanple  and  figures  were  taken  fron  the 
first  EDICT  session  in  which  object  1  was  redefined. 


a.  i  fjtaptup 

As  with  all  EDECT  sessions,  the  first  user  action  after  the 
program  has  been  brought  up  on  the  workstation  (see  Afpexdiz 
C)  is  tc  read  object  data  into  session  nenory  by  picking 
BEAD  EBCfl  DISK  fron  the  Prinary  Conaand  Area.  For  this 
ezanple  the  nunber  1  appears  in  the  object  list  area  indi¬ 
cating  that  object  1  was  the  only  nodel  saved  durirg  the 
previous  ABCHIHODOS  session.  Picking  1  fron  the  Object  list 
Area  displays  object  1*s  description  in  the  Object  Data  Ecz 
as  it  initially  exists  (Figure  62). 
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Figure  62:  Initial  Object  Data  Eoz 

The  3D  data  fer  object  1  contains  interior  wall  faces  as 
well  as  opening  side,  top,  and  bottom  faces.  Hhenever  EDICT 
displays  the  object's  3D  inage,  as  in  tbe  SCUTE  VIEt  cf 
Figure  62,  EDECT  culls  the  data  in  a  way  such  that  after  the 
cull  only  exterior  faces  and  openings  arc  displayed  (Figure 
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Figure  63:  Example  Object  Before  and  After  Calling 


4.2  Initial  Definitions 

Object  1  comes  into  EDICT  with  all  defaulted  energy  ccxpc- 
nents  and  descriptions.  In  this  example  the  first  aspects 
to  be  user  defined  are  the  ones  displayed  in  the  object  data 
box,  i.e.  macrcclixate,  occupants,  building  type,  meeb. 
system,  and  lighting  system. 

Hacroclimate  is  defined  by  picking  IACFCCIIMATI  from  the 
primary  commands  followed  by  the  number  4  on  the  United 
States  icon  (Figure  64).  Picking  BIT  DBF  in  the  strip 
message  box  registers  the  selection  in  session  teicxy  and 
the  Object  data  bcx. 

The  other  four  aspects  are  user  defined  by  picking  primary 
command  E1DG.  SYSTEMS.  The  command  brings  up  the  four  defi¬ 
nition  quadrants  for  building  type,  occupants,  mechanical 
system,  and  lighting  system.  The  selections  picked  fer  this 
exanple  (Figure  65)  were; 

Building  System  ->  RESIDENTIAL 

Occupants  ->  4 

Mechanical  System  ->  AIR  BEAT  POMP 

Lighting  System  ->  FLUORESCENT 


These  selecticns  were  registered  with  a  pick  of  BET OFF  in 
the  strip  message  box. 


0  REGISTER  SELECT! 


BUILDING  TYPE* 

CLINIC 

CtYTUNITr  CENTER 
CITTMIUH 
HOTEL-TIOTEL 
wwwrrrtNT 
>  RESIDENTIAL 

RETAIL 

WAREHOUSE 
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LIGHTING  STS.  i 

RL0UtE5Ce<T 

Fi5ur«_66:  ZxaiFle  Object  Data  Box  After  (F «)  dtf in  it ici 


Though  the  above  definitions  could  have  been  left  to  systea 
defaults,  user  definitions  (even  if  only  approxiaaticns)  of 
projected  building  usage  tend  to  yield  uore  accurate  energy 
analyses. 


I. 2. 1  Graphical  laa lysis  1 

At  this  point  a  graphical  analysis  is  called  for  to  give  the 
user  an  idea  of  the  object's  energy  perforaance  and  what  the 
next  step  in  the  energy  design  night  be  (figure  67). 


figure  67:  Initial  Graphical  Analysis  of  Exaaple  Object 

The  graph  shows  a  'heat  aountain*  -  or  suiter  heat  gain  and 
winter  beat  loss  in  the  daytiae  -  and  fairly  drastic  night 
tiae  heat  loss  all  year.  In  other  words,  the  initial 
object's  envelope  energy  perforaance  is  poor.  As  presented 
in  subsection  2.7.8,  this  graph  is  indicative  of  iaproper 
shading  of  south  openings  and  less  than  adeguate  insulation 
and  aatcrial  selections.  The  balance  of  this  chapter  will 
deaonstrate  how  better  energy  design  can  iaprove  the  exaaple 
object's  energy  perforaance. 


•-3  Iaitial  Energy  Design  Iaproveaents 

Before  proceeding  with  the  f DECT  session  a  copy  of  the  exat- 
ple  object  is  aade  on  which  future  redefinitions  will  be 
done.  This  is  accomplished  by  picking  the  prisary  cctirand 
OBIERI 1TI0H  and  rotating  object  1  in  orientation  guadrant  2 


by  5  degrees  then  -5  degrees  (picking  5  and  -5  under  second¬ 
ary  coaaand  DEGREES)  followed  by  picking  EETURN  in  strip 
aessage  no.  5  (  PICK  DEGREES  OB  (RETURN)  )•  The  resultant 
footprint  inage  in  quadrant  2  has  the  sane  orientation  as 
the  initial  object  1  but  now  a  new  nane  can  be  assigned  tc 
it  by  picking  NEB  SITE.  The  BEN  SATE  pick  brings  up  the 
list  of  possible  new  nanes  in  the  Object  list  Area  (Figure 


After  returning  to  the  prinary  nenu  froi  the  oriectation 
guadrants  the  pritary  comnand  LIST/SELECT  is  picked  and  the 
Object  list  Area  shows  both  object  1  and  object  2  as  resid¬ 
ing  in  session  newory  (Figure  69). 
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Figure  69;  Current  Object  Data  and  Object  List 

Froa  the  object  list,  object  2  is  picked  Baking  it  the 
current  object.  The  Object  Data  Box  chons  that  all  of 
object  1*s  definitions  sere  transcribed  to  object  2  at  tiae 
of  cop;  (Figure  70)  • 
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Figure  70;  Ben  Object's  Description 


1.3.1  Areas  of  laproneaent 

To  aid  in  deciding  nhicb  object  aspects  could  be  iiprcned 
nith  FDECT,  prinary  coaaands  under  IBPBCIEEEHTS  are  used. 
The  coanand  R.  FEBESTBATIOF  is  picked  first  followed  by 
EXPLABAT10B  froa  strip  aessage  no.  24  (  ICO  BAY  EE CO 1ST 
ADDITlOBiL  (EXPLilATIOH)  OR  EETOBR  ).  The  resultant  screen 
indicates  hov  such  of  the  current  object's  north  oriented 
vails  are  openings  and  what  the  result  on  energy  ccnsuiftioc 
would  be  (Figure  71) . 


21%  OF  THE  CURRENT  OBJECT  NORTH  ORIENTED  WALLS  ARE 
OPENINGS  (DOORS/UINDOUIS)  . 


FROM  AN  ENERGY  STANDPOINT.  NORTH  ORIENTED  OPENINGS  ARE 
DETRIMENTAL  IN  THAT  THEY  LOSE  EXCESS  AMOUNTS  OF  HEAT 
DURING  A  HEATING  SEASON  AND  GAIN  HEAT  DURING  A  COOLING 
SEASON. 

REDUCING  THE  SQUARE  FOOTAGE  OF  NORTH  ORIENTED  OPENING 
WILL  IMPROVE  ENERGY  PERFORMANCE. 


figure  71;  forth  Fenestration  analysis  and  Explanation 

The  opening  percentage,  21  X,  is  a  figure  that  can  and  aill 
be  in proved  (see  subsection  4.4.2). 

The  prinary  conaand  S.  FIHESTBITIOE  is  picked  next  alcng 
with  its  explanation  yielding  south  oriented  opening  shading 
inforaation  (Figure  72) . 


10! K  OF  THE  CURRENT  OBJECT  SOUTH  ORIENTED  OPENINGS  RECEIVE 
NO  BENEFICIAL  SHADING  FROM  ANY  SHADING  DEVICE. 


NON-SHADED  OPENING  AREA  GAIN  EXCESSIVE  INSOLATION  HEAT. 
PROPERLY  PLACED  SHADING  DEVICES  I OVERHANGS)  WILL  IMPROVE 
ENERGY  PERFORMANCE. 


Figure  72;  South  Fenestration  lnalysis  and  Explanation 

The  100  percent  non-shaded  opening  figure  is  indicative  of 
vhy  the  initial  graphical  analysis  gave  the  poor  'heat  noun- 
tain*  curve  and  is  the  aspect  of  the  current  object  that 
nill  be  (re) designed  first. 


•-3-2  everhiSS-fiffiliUfili 

The  first  atteapt  to  inprove  the  current  object's  energy 
design  is  by  adding  and  aanipolating  overhangs  on  the  south¬ 
ern  oriented  vails  nhich  have  openings.  In  this  exaaple, 
five  overhangs  vere  initially  added  and  aanipulated  (sized 
and  positioned)  over  south  openings  (Figure  73).  The  first 
and  second  overhangs  created  (1  and  2)  provide  shading  for 
openings  of  an  adjacent  vail  as  veil  as  for  openings  of  the 
vail  on  vhich  they  vere  defined.  The  nunbcr  3  overhang,  in 
addition  to  shading  the  door-like  opening,  becones  infill  to 
the  object  rather  than  a  projection  avay  fro*  a  vail  (as 
overhangs  4  and  5  are)  . 


All  five  overhangs  were  registered  as  part  of  the  correct 
object  by  picking  SELECT  fron  the  Cverhang  Secondary  Bean 
after  the  overhangs  had  all  been  sized  and  pcsiticied. 


«.  3.  3 

Bith  the  initial  overhangs  defined,  the  inpact  of  the  over¬ 
hangs  on  the  object *s  energy  perfornance  is  deteraired  by 
first  finding  out  hew  auch  of  the  south  oriented  openings 
have  now  been  shaded  (picking  S.  FEHESTFATICH)  (Figure  7ft) , 
and  calling  for  an  energy  graph  by  picking  prinary  coiaand 
GEAFK1C1I  (Figure  75). 


74X  OF  THE  CURRENT  OBJECT  SOUTH  ORIENTED  OPENINGS  RECEIVE 
NO  BENEFICIAL  SHADING  FROM  ANY  SHADING  DEVICE. 


Figure_702  Percent  Shading  After  Initial  Overhang  Additions 


Figure  75:  Energy  Graph  After  Initial  Cverhang  Additions 

The  shading  percentage  and  graphical  analysis  she*  that  the 
initial  overhang  additions  irproved  perfcriance  scicvbat. 
Ike  graph  shews  a  slight  recession  in  the  *heat  nountain* 
shape  and  the  beginning  of  a  'saddle*  shaped  graph,  which 
indicates  sore  beneficial  shading  is  occuring.  However, 
such  sore  can  be  done  towards  a  better  energy  design. 
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The  next  design  change  involves  the  soath  fenestration. 
Friaary  connand  hihdow/doob  is  picked  vhicb  brings  op  the 
basic  vindov/door  screen  with  light  pen  activated  footprint 
(Figure  76). 
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Figure  76;  Basic  Opening  (Be) definition  Screen  for  Exaxple 

The  footprint  of  the  above  figure  has  certain  vail  segments 
nuabered  for  later  reference  in  this  exaaple. 

Hall  7  (fro*  the  above  figure)  is  the  first  vail  picked  for 
opening  redefinition.  The  single  original  large  cpetirg  is 
deleted  and  eight  soaller  openings  are  added  and  positioned 
so  five  of  then  are  in  a  row  under  vail  7's  overhang  and  the 
reaaining  three  are  stacked  in  a  colons  along  the  right  edge 
of  the  vail  (Figure  77) .  This  design  change  pots  *cre  open¬ 
ing  sguare  footage  under  the  overhang  and  provides  a  visual 


a ccent/f rasing  to  the  door  immediately  to  the  right  of  mall 
5  (in  mall  6). 
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ORIGINAL  REDEFINED 
Fignre  77;  Opening  Redefinition  of  Example  Ball  7 

The  opening  arrangement  of  the  above  figure  is  then  hrcnght 
back  to  the  basic  mindom/door  screen  by  picking  1  frot  strip 
nessage  no.  10  (  SELECT  0PEBIBG->0PER1TIGB,  (RETURN) ,  OR 
SITE  II  BINDOV  (1)  (2)  ).  From  the  basic  opening  screen 
(Figure  78)  the  arrangement  becomes  part  of  the  current 
object  after  the  1  under  the  secondary  cot sand  SELECT  is 
picked. 
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Figure  78:  Basic  Opening  Screen  with  Redefinition 

Ball  5  is  picfced  next  for  opening  redefinition.  Sinilar  tc 
vail  7*s  redesign,  the  original  large  opening  is  replaced  by 
a  grouping  of  seven  saaller  vindovs  arranged  along  tfce  top 
and  dovn  the  left  side  of  the  vail  (Figure  79).  Igain,  the 
desired  effect  is  to  highlight  the  entrance  to  the  left  of 
■all  £  and  put  aore  opening  space  nnder  the  shading  effect 
of  the  overhang. 

This  opening  arrangement  is  Bade  part  of  the  current  object 
as  explained  for  vail  7. 
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Figure  79:  Opening  Bedefinition  of  Exanple  Ball  7 

Finally,  vails  8,  9,  10,  and  11  of  the  current  object  have 
their  openings  redefined  so  as  to  have  the  sane  opening 
arrangeaent.  This  is  done  by  first  picking  the  vail  (either 
8,  9,  10,  or  11)  then  scaling  and  repositioning  the  the 
original  opening  and  adding,  scaling  and  repositioning 
another  opening  so  the  tvo  openings  are  the  save  size  with 
one  positioned  directly  above  the  other  (Figure  80). 
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Figure  80;  Opening  Bedefinition  Ezanple  for  Balls  €-11 

The  result  of  all  the  above  opening  nanipulations  is  sfccvr 
in  the  following  figure  (Figure  81). 


Pig are  81;  Besultant  Zxawple  Object  with  Opening  Charges 


With  the  openings  thus  arranged,  two  more  overhangs  are 
added  for  the  openings  of  walls  8,  9,  10,  and  11  so  that  all 
the  openings  of  these  walls  receive  beneficial  shading  (Fig- 
are  82)  . 


Figare  82;  Exaaple  Object  with  Idded  Overhangs 


*.  4. 1  fiMPfcical  lalllte  3 


lith  the  openings  and  overhangs  defined  as  shown  in  the 
above  figure  an  interin  analysis  is  done  to  deterninc  the 
effect  of  the  changes.  The  percentage  of  sooth  oriented 
shaded  openings  (Figure  83)  has  greatly  increased  and  a 
graphical  analysis  (Figure  84)  shows  a  definite  'saddle* 
shaped  graph.  Therefore,  the  fenestration  and  overhang 
(re) definitions  had  the  desired  outcone  of  shading  south 
oriented  openings  so  heat  is  gained  only  nhen  needed. 


14X  OF  THE  CURRENT  OBJECT  SOUTH  ORIENTED  OPENINGS  RECEIVE 
NO  BENEFICIAL  SHADING  FROM  PNY  SHADING  DEVICE. 

Figure  83:  Percent  Shading  After  Further  Bedesign 


Figure  84;  Graphical  Analysis  After  Further  Bedesign 


4-4.2  Bore  Fenestration  and  Overhang  Hel definitions 

In  an  effort  to  reduce  the  anount  of  north  oriented 
openings,  wall  1  is  brought  up  through  the  vindcv/dcor 
(re)  definition  routines  and  its  four  openings  are  changed. 
The  two  largest  openings  are  first  deleted  and  the  regaining 
two  openings,  perceived  as  doors,  are  repositioned  side  by 
side  near  the  niddle  of  the  wall.  Bert,  seven  new  openings 
are  added,  sized,  and  positioned  on  either  side  of  the  doors 
in  an  abstract  coaposition  (Figure  85) . 
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Figure  85:  Opening  Redefinition  of  Exanple  fall  1 

The  resulting  north  opening  square  footage  reduce  the 
percentage  of  north  oriented  openings  by  5  percent  -  fro  21 
to  16  -  (Figure  86). 


It*  OF  THE  CURRENT  OBJECT  NORTH  ORIENTED  WALLS  ARE 
OPENINGS  CD00R5/WIND0WSJ . 

Figure  86:  lorth  Fenestration  Analysis  After  Redefinition 

A  final  design  change  to  the  current  object's  envelope  is  to 
continue  the  series  of  sguare  nindovs  -  started  with  wall  5 
•  on  walls  4,  3  and  2  and  around  to  nail  1.  Also,  overhangs 
are  added  to  walls  3  and  2  as  a  continuance  to  wall  5's 
overhang  and  to  shade  the  strip  of  windows  just  added  to 
those  walls  (Figure  87) . 


Figure  87;  Object  2  with  111  (Be) definitions 
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At  this  point  it  is  useful  to  see  how  such  the  energy 
performance  of  the  original  object  has  been  improved  by  the 
above  changes  and  (re) definitions.  This  is  done  through 
EDECT  *  s  comparison  ability. 

The  priaary  coaaand  COHPABE  is  picked  which  brings  up  the 
Coapare  Secondary  Menu  and  a  list  of  the  objects  (in  session 
■eaory)  in  the  Object  List  Area.  In  this  cxaaple  the  object 
naaes  that  appear  are  1  and  2.  Bert,  object  1  is  picked  for 
display  in  coaparison  guadrant  1  and  object  2  is  picked  for 
guadrant  2.  lith  the  energy  graphs  side  by  side  the  change 
in  the  envelope  perfornance  by  redesigning  the  sanple 
object's  openings  and  adding  overhangs  in  key  locations  is 
apparent.  The  original  'heat  aountain*  has  been  replaced  by 
the  tore  acceptable  'saddle*  shaped  graph  (Figure  88). 


Tig arc  88:  Comparison  of  Original  and  Redefined  Objects 

After  sufficient  visual  inspection  and  coaparison  has  been 
done  betveeu  the  tno  graphs,  the  primary  connands  and 
current  object  description  (in  the  graphic  data  box)  are 
brought  back  by  picking  the  secondary  coanand  HAIM  HI HO  in 
the  Compare  Secondary  Henu. 

The  remainder  of  the  example  mill  be  refinements  to  the 
redefined  object  (object  2)  through  building  material  type 
selections. 


final  Definitions  amd  Comparisons 

The  first  component  of  the  current  object  to  have  its  mate¬ 
rial  type  defined  by  the  user,  rather  than  defaulted,  is  the 
roof.  The  primary  command  HOOF  (under  the  (RE) DEFINE  head¬ 
er)  is  picked  to  bring  up  the  roof  selection  menu. 

According  to  the  designers  preference,  any  one  cf  the 
tvelve  available  roof  construction  types  can  be  selected. 
For  this  example,  roof  construction  type  10  vas  picked  thet 
RETURN  in  strip  message  no.  20  (  PICK  FOCF  CCRSTRDCTIOK  TIPI 
IUHBEB,  CR  (RETURN)  )  was  picked  registering  the  selectioc 
as  the  current  object's  roof  construction  type  (Figure  89). 


ROOF  TTfti 

PLAIT  W  SUSPENSES  CEILING 


CURRV4T  C  INSTRUCT!  QKtll 


AVAILABLE  ROOF  C INSTRUCTION  TTFESi 
1.  1  RXCIB  INS  UL  ATI  IN.  1  WOOB. 

S.  2  RICH  INSULATIIN.  I  WOOI. 


*.  1  RICH  INSULATIIN  1  CO  NCRETE. 
4.  2  RICH  INS UL  ATI  IN.  2  CONCRETE. 


9.  lUlLT-UT  ROOF.  2  CELLULAR  CLASS 
INSULATION.  2  CONCRETE.  AIR  VACE. 
in.  CTF  SOARS. 


t.  BUILT-Uf  ROOF.  2  CELLULAR  CLASS 
INSULATION.  4  CONOR  ETE.  AIR  SPACE. 
1/2  CTF  BOARS. 


1.  BUILT-UP  ROOF.  4  CONCRETE. 

2  CELLULAR  CLASS  INSULATION 
2  CONCRETE. 


B.  BUILT-UP  ROOF.  2  CELLULAR  CLASS. 
XNSULATIIN  2  CONCRETE. 


B.  BUILT-UP  ROOF.  2  CELLULAR  CLASS. 
INSULATIIN  4  CONCRETE. 


>11.  BUILT-HIP  ROOF.  4  RIGID  INSULATION. 
4  CONCRETE.  1/2  CTF  BOARD. 

U.  BUILT-UF  ROOF.  4  CELLULAR  CLASS 
INSULATIIN  4  CINCRETE.  1/2  CTF 
BOARS. 


12.  BUILT-UF  ROOF.  8  CORK  BOARS. 
4  CINCRETE.  1/2  CTF  BOARS. 


riqqcc  89;  Boof  Selection  Henu  with  Exanple  Definition 


The  next  Materials  defined  are  for  the  vail  ccrstruction 
types.  For  the  current  object  it  is  assnned  all  exterior 
vails  are  of  the  sane  construction  type.  The  guickcst  way 
to  define  a  global  wall  construction  type  is  (once  tie  vail 
selection  aenu  is  brought  into  the  Graphics  Area  by  picking 
VAIL)  to  assign  the  desired  vail  type  to  one  vail  thee  pick 
SELECT  ALL  froa  the  Ball  Secondary  Henn.  In  the  exaaple, 
vail  construction  type  14  is  picked  and  assigned  to  exatple 
vail  1  by  picking  vail  1's  segment  froa  the  enlarged  foot¬ 
print.  Then  all  vails  of  the  footprint  are  defined  as  type 
14  vhen  SELECT  ALL  is  picked  (Figure  90).  The  vail 
construction  type  definition  is  assigned  to  the  current 
object  vhen  BAIH  HERD  is  picked.  The  nain/priaary  cossands 
and  blank  Graphics  Area  also  return. 
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KVNMILE  44ALL  CONSTRUCTION  TTPESi 

1.  3/4  UOQI  SUING.  2X4  WOOD  STUBS. 

3  \'i  mr  space.  1*1  err  bomb. 


2.  3/4  MODS  SIBINC.  2X4  UOOB  STUBS. 
3  1*2  GLASS  WOOL.  t*2  GYP  BOMB. 


3.  V-4  WOOS  SUING.  1*9  WOQB  FURRING. 
B  CONCRETE  KOCK.  2X4  WO  OB  STUBS. 
3  1/2  GLASS  WOOL,  l'l  PANELING. 


4.  3/4  UOOB  SIBINC.  1*9  UOOB  FURRING. 

•  concrete  block.  2x4  woob  stubs. 

1*9  WOOB  FURRIN  G.  1/2  FANE  LING. 


9,  1  STUCCO,  b  CONCRETE. 
1  GYP  BOARS 


If  I  MAIN  PIENU 


SELECT  ALL 


b.  1*1  CCrC NT  PLASTER.  4  FILLER 

CONCRETE  BLOCK.  MRSPACE.  4  FILLEB 
CONCRETE  BLOCK.  1*1  CHTBVT  PLASTER. 

T.  1/2  CEMENT  PLASTER.  4  CONCRETE 
BLOCK.  AIRSPACE.  4  CONCRETE  BLOCK. 

1/2  cere nt  plaster. 
s.  1/7  cere nt  plaster.  4  hollo* 

TERRA  COTTA  BLOCKS.  AIRSPACE. 

1/2  cere  nt  plaster. 


B.  b  SOLIB  BRICK.  2  RIGIB  INSULAT  IOL 
1/2  GTP  ROARB. 


IB.  b  HOLLOW  BRICK.  1X2  FURRING. 
1*1  GTP  BOARS. 


11.  b  HOLLSJ  BRICK.  2  RIGIB 
IN5ULATIQN.  1/2  GTP  BOARS. 

12.  8  BRICK/C OIC.  BLOCK.  1X2  PURRING. 
1*1  GTP  BOARS. 


13.  8  BRICK/CONC.  BLOCK.  2  RIGIB 
1NSULATIOL  1*1  GTP  SOARS, 


14.  b  PRECAST  CONCRETE  SANOUICH  FAtCU 
.  2  POLYURETHANE  CORE. 

10.  IB  BRICK  CAVITY  WALL.  2  RIGIB 
INSULATIIN  IN  CAVITY. 


lb.  IB  BRICK  CAVITY  WALL. 

17.  IB  BRICK/C04C.  BLOCK  CAVITY  WALL. 

2  RIGIB  INSULATION  IN  CAVITT. 

IB.  IS  BRICK/tOC.  BLOCK  CAVITY  WALL. 

IB.  4  BRICK  VEfCER.  1*1  INSULATION 
BOARS  SHEATHING.  2X4  WOOB  STUBS. 
SATT  CR-11)  INS UL ATI  94.  1*1  GYPStn. 
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liSSIS  Wall  Selection  Hen a  with  Exanple  Definitions 

Finally  the  vindov/door  construction  and  glazing  types  are 
defined.  Sonevbat  like  the  vail  type  definitions,  the 
vindov  openings  are,  in  this  example,  of  one  construction 
and  glazing  type  and  the  doors  of  a  different  construction 
type.  The  straight  forvard  vay  to  do  this  for  the  ezaaple 
object  is  to  first  define  one  vindov  opening  as  the  desired 
type  then  select  that  type  for  all  openings.  Doors  are 
later  defined  individually. 

Specifically,  the  vindov/door  nanipulation  venu  and  screen 
are  agaia  brought  up  by  picking  BIHDOB/DOCB  fron  the  priuary 
coaaands  then  ezanple  vail  8  is  picked  frea  the  enlarged 
footprint  bringing  up  the  elevation  of  vail  8  in  the  Graph¬ 
ics  irea.  Bather  than  vanipulating  vail  8*s  openings  it  is 
returned  to  quadrant  1  of  the  initial  vindov/door  screen  via 
strip  vessage  no.  10  (  SELECT  OPEIIHG->Of EFATICH,  (BETUF N) , 
OB  SAFE  2B  BIBDOB  (1)  (2)  ).  Bindov/door  secondary  cotiand 
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DEFIES  TYPE  is  then  picked  followed  by  one  of  the  openings 
in  guadrant  1.  The  actual  type  definitions  for  the  picked 
opening  ace  aade  when  construction  type  h  and  glazing  type  t 
are  picked.  tith  the  one  opening  defined  all  openings 
receive  the  sane  definition  when  DBDEFI1ID  is  picked  frot 
strip  aessage  no.  15  (  PICK  OPEBIBG->  TYPE.  ILL  (DEFIRED)  / 
(UBDEFINED)  OPEHIBGS  SAHE?  TO  EXIT:  (BETUSB)  ).  The  doors 
are  next  defined  separately  by  bringing  np  the  elevations 
containing  the  door  openings  and  assigning  the  desired  door 
construction  type  to  thea  (Figure  91).  The  tentative  cpen- 
ing  type  definitions  in  the  two  guadrants  are  assigned  to 
the  current  object  by  picking  1  and/or  2  under  secctdary 
coanand  SELECT. 


Figure  91;  Exaaple  Screen  with  Opening  Type  Definitions 


The  effect  of  these  type  definitions  is  easily  seer  by  doing 
another  graphical  analysis  cowparison  between  objects  1  and 
2  (Figure  92).  Ihe  'saddle'  shaped  energy  analysis  graph 
for  object  2  is  still  apparent  but  because  of  the  ivprcved 
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aaterial  O-value  froa  the  above  type  definitions  the  beat 
gain  and  loss  extrenes  are  deepened  giving  a  flatter  ’sad¬ 
dle*  shape. 


figure  92:  Graphical  Coaparison  If ter  Baterials  Definition 

The  last  verification  of  the  energy  design  iaprovenents  of 
object  2  over  the  original  object  1  is  dene  by  invoking  a 
nuaerical  analysis  cn  both  (Figure  93). 


inniBiitnmtiuiiiiiiiii 
AH41AL  CNERCT  USE  SIM-ARY 


iiiaatiBBlai 

(MITII)  ■ 


•  ANNUAL  ENERGY  USE  SIMMY 


TOW  HEATING  CWRCT  USEa  9k 
TOTAL  COOLING  ENERGY  USEa  HI 
lOriESTXC  NOT  WATER  RUEL  USEa  99 
TOTAL  CIMCCTEB  ELECTRICAL  LOAli  141 

TOTAL  AM4UAL  CNERCT  USEa  919 


TOTAL  HEATING  CfCRCT  UKi  49 
TOTAL  COOLING  ENERCT  USEa  112 
10HE5TIC  HOT  LATER  FUEL  USEa  09 
TOTAL  C9+CCTE9  ELECTRICAL  LOAIa  141 

TOTAL  AT94URL  ENERGY  USEa  T9S 


OBJECT  1 


OBJECT  2 


Figure  93:  Huaerical  Suanaries  of  Exaaplc  Objects  1  atd  2 


5.  Iitacul  Qrgulutioat 


This  chapter  deals  eith  the  internal  workings  of  EDICT  in 
three  sections.  The  first  section  details  iaportant  data 
structures  and  object  representations,  the  second  covers  the 
SEE  analysis  forsnlas  and  calculations  used  by  EDECT,  and 
the  last  section  presents  the  aore  significant  procedures 
and  algorithns  behind  the  systes  operations. 


5.1  HIST .  PSll  JUlStKlS 

The  data  structures  of  EDECT  fall  into  tuo  general  catego¬ 
ries;  shared  and  unigue.  Shared  data  structures  are  these 
conaon  to  both  ABCHIHODOS  and  EDECT,  vhile  unigue  data 
structures  are  created  and  used  by  EDECT  alone.  Shared  data 
structures  are  explained  initially. 


5-1.1  IKBIMMLIlUHSLBgtUitlSlKfg 

The  two  systens  •share*  four  arrays  which  store  the  top 
level  directory  and  the  faces,  edges,  and  vertices  of  the 
objects  (Figure  94).  This  'sharing*  is  only  at  a  very  basic 
level,  e.g.  ABCHIHODOS  creates  the  data  and  EDECT  reads  and 
uses  it.  The  reciprocal  is  not  true. 


At  the  top  level  of  the  data  structure  is  the  IRE  index 
array  which  is  a  directory  of  the  3D  nodels.  Each  rev  cf 
the  array  corresponds  directly  to  the  user  supplied  3E  nane, 
allowing  the  definition  of  99  separate  objects.  The  first 
two  coloans  of  the  array  contain  the  begin  and  end  pointers 
to  the  faces  of  the  object  in  the  IFF  array,  while  the  third 
and  fourth  columns  identify  the  begin  and  end  extents  of  the 
3D  vertices  in  the  CF  array  (Figure  94). 
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At  the  next  level  is  the  IFF  array  ehich  stores  face  defi¬ 
nitions  cf  the  objects.  A  rov  in  this  array  represents  all 
polygons  of  a  single  face,  including  open' igs.  The  first 
two  col nans  identify  the  begin  and  end  cx.ent  of  the  face 
edges,  which  are  stored  seguentially  in  the  ZSS  array.  The 
third  colons  of  the  IFF  array  contains  a  "color"  attribute. 
This  is  ased  to  identify  particular  attributes  of  a  face. 
ABC HI BODCS  assigns  these  colors  in  the  following  gcceral 
way: 


color 

code 

0 

-> 

exterior  wall 

rocw 

counter 

-> 

interior  wall 

-100  to 
-«00 

-> 

opening  sides 

199 

-> 

open  botton 

299 

-> 

open  top 

100 

-> 

botton  face 

101  and 
up 

-> 

interior  floor  faces 

200 

-> 

top  face 

201  and 
up 

-> 

interior  ceiling  faces 

401 

-> 

rcof  botton 

402 

-> 

roof  top 

403 

-> 

roof  sides  • 

3LI3ai-llUKtSl-imiM  .lSSJLSi 

At  the  lever  levels  of  the  data  structure  are  the  ISS  and  CP 
arrays.  The  CB  coordinate  array  is  a  real  value  array  which 
stores  tbe  X,T,  and  Z  conponent,  in  inches,  for  each  of  the 
vertices  of  the  object.  The  ISS  edge  array  aaintaics  the 
connections  between  the  vertices,  where  each  row  represents 
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a  single  edge,  and  the  teo  colonns  locate  its  begin  and  end 
vertices,  respectively,  in  the  CB  array,  is  noted  for  the 
IFF  array,  the  edges  are  stored  sequentially  for  each  face. 
Since  a  single  face  can  contain  several  polygons  (openings) , 
the  first  edge  of  each  new  polygon  is  narked  vith  a  negative 
value  in  colunn  1  of  ISS.  The  onter  polygon  of  cctplex 
faces  is  always  stored  first,  to  distinguish  it  froa  the 
openings  (Figure  94) . 


5. 1.1  Pata  Structures  Unique  to  IDBCT 

Fron  the  shared  3D  object  data  structure  ootlined  above, 
EDICT  extracts  certain  data  (such  as  openings)  and  places  it 
in  its  own  data  structures  (procedure  described  in  section 
5.3).  Those  data  structures,  along  vith  ethers  describing 
the  energy  characteristics  of  an  object,  are  used  solely  by 
EDECT  and  if  saved  to  disk,  are  used  fron  sessicn  tc 
session. 


Buildiig_Pescrjptgr_Irrays  I BLDG 

The  IBLDG  array  is  a  general  purpose  structure  holding  vari¬ 
ous  pointers  to  other  arrays  and  certain  object  definiticcs. 
The  first  tvo  colunns  are  beginning  and  ending  pointers  to 
the  array  holding  the  segnents  of  an  object's  footprint. 
The  next  five  colunns  hold  object  definitions  when  defined 
by  the  user  (Figure  95). 
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1 

1 

1  2 

1 

3  1  « 

1  S 

1  « 

1  7 

1 

1 

Ft  Seg 

I  Ft  Seg 

1 

Macro  C  |  Occ 

I  Bldg 

|  Bech 

1  light 

I 

1 

Begin 

I  End 

1 

1 

1  *TP« 

l  *y« 

1  Sys 

1 

i 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 

99  < —  object  naae 


Where: 


Ft  Seg  Begin 

-  pointer  to  beginning  of  footprint 
segaent  array  (FTS2G) 

Ft  Seg  2nd 

-  pointer  to  end  of  footprint 
segaent  array  (FTSEG) 

Macro  C 

-  object  aacrocliaate 

Occ 

-  amber  of  occapants 

Bldg  Type 

-  building  type  definition 

Bech  Sys 

-  Mechanical  sys tea  for  object 

light  Sys 

-  lighting  systea  for  object 

Figure  95:  IBLDG  Descriptor  Array 


footprint  Segaent  Jmii-BflS 

EDICT  extracts  the  bottos  segaents  of  every  exterior  vail 
and  places  then  in  ordered  sequence  in  the  2D  array  ITSEG. 
The  first  tvo  coluans  of  FTSEG  hold  the  X  and  T  coordinates 
of  the  segaent  beginning  point  and  the  last  tvo  hold  the  end 
point  X  and  T  coordinates  (Figure  96).  All  coordinate  pairs 
are  in  inches. 
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rrsgcf  500.  «n 
I  i 


I 


I 


1  I  X  Begin  |  T  Begin  |  X  End 

I  I  I 

2  1  I  I 

I  I  I 

3 


I  T  End 
I 


500  < —  footprint  scgsent 


Bbere:  X  Begin  -  Beginning  X  coordinate  of  footprint 
segnent 


T  Begin  -  Beginning  T  coordinate  of  footprint 
segnent 


X  End  -  Ending  X  coordinate  of  footprint 
segnent 


I  End  -  Ending  X  coordinate  of  footprint 
segnent 


Figure  96;  2D  FTSEG  Segnent  Array 
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Openings  (vindovs/doors)  are  described  in  data  vitfc  tve 
parallel  arrays:  I1HDB  and  SDCBD.  IVBDB  is  an  integer  array 
that  holds  both  data  extracted  fron  the  3D  nodel  arrays  and 
user  defined  information.  Specifically,  the  first  tvo 
colunns  of  XRRDB  are  the  object  and  vail  segaent  the  opening 
cane  fron,  and  the  last  two  contain  user  defined  opening 
type  and  U-value  (figure  97). 


VDCBD  is  an  real  array  vith  the  X,  I,  and  z  coordinate 
values  of  both  the  lover  left  and  upper  right  corners  cf  the 
opening.  These  entries  nay  be  extracted  or  user  defined  and 
are  in  inches  (Figure  98} . 


I  Type 


1  I  Obj  |  Hall 

I  |  Sag  I 

2  1  I  1 

I  I  I 

3 


I  O-Tal  | 
I  I 

I  I 

I  I 


9000  < —  opening  (vindov/door) 

Hhere:  Obj  -  object  opening  belongs  to 

Hall  Seg  -  vail  segment  opening  belongs  to 

Type  -  opening  type 

U-Val  -  opening  0-value 

Figure  97;  I RNDS  Opening  Array 


1 

1  1 

2 

1  3 

1  * 

1  5 

1  6 

1 

1  1 

Til  |  Til 

|  Zll 

1  Tur 

I  Tur 

I  Zur 

1 

1 

1 

1 

1 

1 

1 

1 

2  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

• 

9000 

< —  opening 

(vindov/door) 

Hhere:  Til  -  T  coordinate  of  lover  left  opening  corner 

Til  -  T  coordinate  of  lover  left  opening  corner 

Zll  -  Z  coordinate  of  lover  left  opening  corner 

Tar  -  T  coordinate  of  upper  right  opening  corner 

Tur  -  T  coordinate  of  upper  right  opening  corner 

Zur  -  z  coordinate  of  upper  right  opening  corner 


Figure  ?8;  SDCBD  Opening  Array 
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111  overhangs  in  EDICT  are  user  defined  and  represented  in 
tno  parallel  arrays:  IOVHG  and  OVCBD.  IOVHG  is  an  integer 
array  nith  two  coluans  for  the  object  aaae  and  vail  vhich 
the  overhang  belong  to  (figure  99) . 

The  real  array  OVCBD  holds  coordinate  and  gectetric 
description  iaforaation  for  each  overhang.  The  lover  left 
aad  apper  right  hand  corner  coordinates  of  the  overhang's 
backface  are  stored  in  the  first  six  coluans  and  the  last 
colons  retains  the  perpendicular  distance  the  overhang's 
front  face  is  avay  froa  the  vail  (fignre  100).  The  back  and 
front  faces  of  an  EDICT  overhang  are  the  saae  size  and  shape 
and  parallel  to  each  other.  Vith  the  data  froa  CVCFE  and 
knoving  the  angle  of  the  vail,  EDICT  deteraines  the  coordi¬ 
nates  of  the  lover  left  and  upper  right  coordinates  of  the 
overhang  front  face  through  basic  aensuration  calculations. 
Sith  all  overhang  coordinates  established,  EDICT  'connects' 
vertices  to  fora  the  iaage  of  top,  bottoa,  side,  frcnt  and 
back  faces  (Figure  101). 


IOTBG  (1000.21 

J _ 1  <  2 _  | 

1  I  otj  I  vail  I 

I  I  I 

2  1  I  I 

I  I  I 

3 


1000  < —  overhang 

there:  Ob J  -  object  overhang  belongs  to 
Vail  -  object  belongs  to 

Figure  99;  IOVHG  Overhang  Array 
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Where:  Xll  -  X  coordinate  of  lover  left  corner  of  overhang 
back  face 


Til  -  T  coordinate  of  lover  left  corner  of  overhang 
back  face 


Zll  -  z  coordinate  of  lover  left  corner  of  overhang 
back  face 


Xur  -  X  coordinate  of  upper  right  corner  of  overhang 
back  face 


Tur  -  T  coordinate  of  upper  right  corner  of  overhang 
back  face 


Zur  -  Z  coordinate  of  upper  right  corner  of  overhang 
back  face 


Ovpd  -  Overhang  perpendicular  distance  avay  fron  vail 


Fiqare  100:  GVCBD  Overhang  Array 


PERPENDICULAR 
DISTANCE 
FROM  WALL 


Figure  101;  Overhang  Descripticc 
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All  vails  of  an  EDECT  object  have  their  sail  properties  in 
tvo  arrays  vhich,  in  addition  to  being  parallel  tc  each 
other  arc  parallel  to  the  IFF  array  described  in  subsection 
5.1.1.  Though  not  all  faces  of  the  iff  array  are  extericr, 
the  ones  that  are  and  have  user  defined  properties  have 
corresponding  entries  in  the  arrays  IBALST  and  VCTF. 

X BA 1ST ,  an  integer  array,  keeps  the  vail  type  (Figure  104) 
and  the  real  array  VCTP  saves  vail  thickness  and  U-valne 
(Figure  105). 


1  1  I 


1  1  Type  1 

l  I 

2  I  I 
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2500  <—  wall 

Where:  Type  -  wall  type 

Figure  104;  IBALST  Ball  Array 
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Where:  Thick  -  wall  thickness 
O-val  -  wall  0-walue 

Figure  105:  SCTP  Ball  Array 


5-2  MKlJilflliliMl 

The  aany  calculation  foraolae  used  by  EDICT  are  aostly  fcoa 
the  SEE  aethod  of  deteraining  heat  loss/gaia  ia  buildings. 
SEE  can  be  ased  to  deteraine  daily  (as  in  the  graph  analy¬ 
sis)  ,  weekly ,  aonthly,  or  annnal  energy  pcrforaance.  The 
following  subsection  details  the  SEE  coaputations  followed 
by  a  subsection  on  non-SEE  calculations  used  during  etergy 
ase  deter aination  and  at  other  tines.  Ill  eguations  in  this 
section  are  auabered  with  the  nuaber  enclosed  in  brackets  - 
<  >. 


5.  2. 1  SfMBIg.  iMHLJUIIfaBf 

For  the  results  of  SEE  aethod  calculations  to  be  correct, 
several  outside  sources  of  infornation  are  used  inside  the 
foraulae  (2).  These  sources  cone  froa  a  variety  of  places 
such  as  ASBBAE  data  lists,  0. S.  leather  Eureau  statistics, 
etc.  SEE  itself  uses  a  variety  of  tabular  data  specially 
prepared  to  speed  up  its  operations.  The  necessary  source 
data  for  EDICT* s  running  of  SEE  is  prestored  on  disk  and 
called  into  session  aeaory  during  an  EDICT  run  (see  Appendix 
c  for  details).  Ihen  used  in  the  following  equations,  this 
prestored  data  will  be  referred  to  as  coaing  froa  'table*. 

The  SEE  aethod  is  divided  into  three  areas:  building  heat 
loss,  building  heat  gain,  and  annual  energy  use  suaaary. 
The  presentation  below  follows  those  divisiors. 


Building  Beat  Igss_Calculatlous 


<5. 1>  Hoof  D-value  ♦  Boof  Area  *  Boof  Beat  loss 

(BTO/degree  F  ♦  hr.) 


<5-2>  Ball  D-value  *  (Ball  Area  -  Opening  Area)  = 

Ball  Beat  loss 
(BTD/degree  F  *  hr.) 


<5.3>  Glass  D-value  *  Glass  Area  =  Glass  Beat  loss 

(BTD/degree  F  *  hr.) 


<5. 4>  Door  D-value  *  Door  Area  *  Door  Beat  loss 


(BTO/degree  P  *  hr. ) 


<5.5>  Infiltration  Factor  *  Infiltration  Bate  *  Length  of 
Crack  of  111  Openings  =  Infiltration  Beat  Loss 

(BTU/  degree  F  *  hr.) 


Infiltration  Factor  ->  0.018  (specific  heat  of  air 

*  air  density) 

Infiltration  Bate  ->  froa  table  per  const,  type 
Length  of  Crack  ->  sun  of  all  opening  perinetezs 


<5.6 >  Slab  Edge  Length  *  Beat  Loss  Bate  s  Floor  Heat  less 

(ETD/degree  F  *  hr.) 


Slab  Edge  length  ->  Footprint  Perinetcr 
Heat  Loss  Bate  ->  taken  as  .55  a/  insulation 


<5-7>  Total  Heat  Loss  Through  Envelope  =  (<5. 1>  ♦  <5. 2>  ♦ 
(BTO/degree  F  *  hr.)  <5.3>  ♦  <5.0  ♦ 

<5.  5>  ♦  <5.6 >) 


<5.8>  Ventilation  Factor  *  Ventilation  Bate  *  Occupied  Set 
Point  Teap.  =  Ventilation  Heat  Loss/Hr.  Operated 
(BTU/hr.) 

Ventilation  Factor  ->  an  accepted  constant  of  1.C8 
Ventilation  Bate  ->  occupants  *15  (by  code) 
Cccupied  Set  Point  leap.  ->  (defaulted  at  70  F) 


<5.9>  Total  Building  Heat  Loss  *  <5. 7>  *  leap.  Difference 
(BTU/hr.) 


Tcap.  Difference  ->  difference  between  outside  and 

inside  air  teaperature.  Outside 
air  teap.  taken  froa  table  per 
■acrocliaa te,  inside  air  teap. 
assuaed  set  at  7C  degrees  F. 


<5.t0>  Occupied  Heating  Load  3  (<5.8>  *  <5.9>)  a  Occupied 
(BTD)  Brs. 


Occupied  Hrs.  ->  froa  table  per  building  type 


<5.1 1>  Unoccupied  Heating  Hours  ~  <5.9>  *  unoccupied  hrs. 
<BTU) 


<5.12>  Total  Building  Heating  load  *  <5. 10>  ♦  <5. 11> 
<BTO) 


Building  Heat  Cain  Calculations 


<5- 13>  Hoof  U-value  ♦  Hoof  Irea  *  Equivalent  Teap. 
Difference  =  Hoof  Heat  -Gain 
(BTU/ht.) 


Equivalent  Teap.  Difference  ->  froa  table  per 

roof  type 


<5.  14>  Ball  Upvalue  *  (Ball  Area  -  Opening  irea)  a 
Equivalent  Teap.  Difference  *  Ball  Beat  Gain 

(BTO/hr.) 


Equivalent  Teap.  Difference  ->  froa  table  per 

vail  type 


<5. 15>  Total  Ball  Beat  Gain  =  Sua  of  111  Ball  Beat  Gains 
(BTO/hr. ) 


<5. 16>  Glass  Irea  *  Avg.  Solar  Gain  *  Shading  Coefficient  * 
latitude  Factor  *  Glass  Beat  Gain 

(BTO/hr.) 


ivg.  Solar  Gain  ->  froa  table 

Shading  Coefficient  ->  percent  of  glazing  shaded  by 

overhang  v/  sun  angle  a  45 
degrees 

latitude  Factor  ->  froa  table  per  aacroclicate 


<5. 17>  Total  Glass  Beat  Gain  *  Sun  of  All  Bindov  Heat  Gains 
(BTO/hr.) 


<5. 18>  Total  Average  Sol-air  Gain  *  <5.13>  ♦  <5. 14>  ♦ 
(BTO/hr.)  <5. 17> 


<5. 19>  Avg.  Binter  Sol-air  Gain  =  <5.18>  ♦  T  Sinter  Sun 
(BTO/hr.) 


3  Binter  Sun  ->  froa  table  per  aacrocliaatc 
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<5.20>  lvg.  Saner  Sol-air  Gain  *  <5.18>  a  X  Sunset  San 
(BTU/hr.  ) 


f  Sanner  San  ->  frcn  table  per  nacrocliaate 


<5-21>  Sol -air  Increnent  =  <5.19>  -  <5.20> 
(BTD/hr. ) 


<5.22>  Occupants  *  Beat  Gain  per  Occupant  = 

Occupant  Beat  Gain 
(ETO/hr- ) 


Beat  Gain  per  Occupant  ->  fron  activity  table 


<5.23>  Total  Connected  Lighting  Batts  • 

Utilization  Factor  *  Beat  to  Space  Conversion  * 
Conversion  Factor  =  Lighting  Beat  Gain 

(BTD/hr.) 


Total  Connected  Lighting  Batts  ->  frcn  table 
Utilization  Factor  ->  fron  use  type  table 
Beat  to  Space  Conversion  ->  0.8  (constant) 
Conversion  Factor  ->  3.4  (BTD/Batt  *  hr.) 


<5.24>  Process  Beat  to  Space  ♦  Eguipnent  Beat  to  Space  * 

Total  Bisc.  Beat  Gain 
(BTU/hr. ) 


Process  Beat  to  Space  ->  fron  table 

Eguipnent  Beat  to  Space  ->  fron  table  per  necbanical 

systen 


<5.25>  Total  Heat  Gain  *  <5.21>  *<5.22>  ♦  <5.23>  ♦  <S.2«> 
(ETO/hr.) 


<5.26>  Enthalpy  Difference  •  Ventilation  Bate  * 

Ventilation  Beat  Gain 


(BTU/hr.) 


Enthalpy  Difference  ->  Outdoor  Air  Enthalpy  (table) 

-  indoor  Air  Enthalpy  (table) 


Ventilation  Bate  ->  Occupants  *  15  (by  code) 


<5.27>  Occupied  Cooling  load  =  (<5.25>  ♦  <5.26>)  *  Occupied 
(BID)  Hrs. 

Occupied  Hrs.  ->  fron  table  per  building  type 

<5. 28>  Unoccupied  Cooling  Load  *  <5. 25>  *  Unoccupied  Brs. 
(BTU) 

Unoccupied  Hrs-  fron  table  per  building  type 

<5-29>  Total  Building  Cooling  Load  =  <5.27>  ♦  <5.28> 

(BTU) 

Annual  Energy  Use  Saanary  Calculations 

<5.30>  Occupants  *  Hot  Eater  Usage  =  Annual  Eater  Usage 

(Gallons) 

Hot  Eater  Usage  ->  fron  table  per  building  type 


<5.31>  Conversion  Factor  *  <5-30  *  Teap.  Difference  = 

Domestic  Hot  later  (DHI)  lead 
(ETD) 


Conversion  Factor  ->  8.33  (pounds/gallon) 

Teap.  Difference  ->  assaaed  €0  degrees  F  (between 

hot  and  cold  eater) 


<5.32>  (<5.31>  *  DHB  Systea  Efficiency)  /  Fuel  Heating 

Talne  =  DHfi  Dse 
(ITO) 


DRW  Systea  Efficiency  ->  froa  table  per  systea 
Fuel  Heating  Value  ->  froa  table  per  fuel  type 


<5.33>  lighting  load  *  Building  Square  Footage  *  Annual 

Occupancy  Bate  =  Annual  lighting  load 

(BTD) 


lighting  load  ->  froa  table  per  systea 

Annual  Occupancy  Bate  ->  froa  table  per  building 

type 


<5-30  Hech.  Systea  load  *  Building  Square  Footage  *  Annual 

Occupancy  Bate  =  Annual  Systeas  load 
(BTD) 


Hech.  Systea  load  ->  froa  table  per  aech.  systea 

Annual  Occupancy  Bate  ->  froa  table  per  building 

type 


<5. 35>  Total  Annual  Energy  Dse  =  <5. 12>  ♦  <5.29>  ♦ 

<5. 32>  4  <5. 35> 


Certain  formulae  are  used  in  energy  deters* sat lets  ard  ir 
otter  EDECT  procedures.  They  are  not  usigue  to  the  Sff 
set hod  but  bear  nentioning  here. 


The  area  enclosed  by  the  segnents  of  an  object  footprint 
represent  the  object's  floor  plan  sguare  footage  in  SEE  and 
EDECT.  With  the  segnents  already  in  order  in  the  array 
FTSEG,  deteraining  the  area  is  a  natter  of  tracing  the  Z  and 
T  coordinates  of  each  segaent  beginning  and  end  point  and 
aultiplying  then  according  to  the  egnation: 


<5.36>  1/2  *  (X1*T1  ♦  12*13 

11*12-  I2*X3  ... 


,  ♦  Xn-1*ln  ♦  Xn*T1 
-  Tn-1*Zn  -In*I1) . 


The  parenthesis  in  <5.36>  can  be  reaeabered  in  a  cross 
aultiplying  relationship  aith  all  Z  coordinates  foraing  ar 
ordered  top  row  and  all  T  coordinates  a  bottoa  (Figure  106). 


+  +  +  +  +  + 

Figure  106:  Polygonal  lrea  Determination 

This  area  deteraination  technique  is  also  used  for  walls  and 
openings. 


Type  2  shell  roofs,  or  roofs  with  cathcdral/open  ceilings 
present  sore  area  to  insolation  than  roofs  with  suspended 
ceilings.  For  sol-air  calculations  this  extra  area  is 
deterained  by  knowing  the  roof  ridge  height  and  distance 
froa  the  ease  to  a  perpendicular  line  fro*  the  ridge  (Figure 


Figure  107:  Hoof  Area  Determination  Basis 

la  Figure  107  -  a  schematic  roof  cross  section  -  &  repres¬ 
ents  the  ridge  height,  B  the  distance  between  eave  and 
perpendicular  A,  and  C  the  true  length  of  the  roof  spar. 
True  area  for  the  example  roof  face  mould  be  C  times  the 
eave  length  at  the  base  of  roof  face.  SEE  simplifies  xulti- 
faceted  pitched  roof  area  determination  by  applying  a  ratio 
to  the  floor  plan  area  based  on  the  ridge  height. 


P  vs.  A  is  the  guotient  of  an  objects  perimeter  divided  by 
its  area.  The  area  of  an  object  is  taken  as  the  foctprint 
area  (above)  and  the  perimeter  is  the  sun  of  all  the  true 
lengths  of  all  footprint  segments. 

To  arrive  at  the  optimum  P  vs.  A  for  any  object  is  a  tvo 
step  process.  First,  the  diameter  and  circuxfercncc  cf  a 
circle  with  the  same  area  as  the  footprint  is  found: 


<5.37>  Diameter  =  ((Footprint  Area  *  4)/  Ei)  **  -2 


Pi  ->  3.14159 

**  -2  ->  sguare  root 


<5. 38>  Circumference  =  Pi  *  <5.37> 


The  second  step  is  to  find  P  vs.  A  for  the  circle: 


<5.39>  Best  P  vs.  1  *  <5.38>  /  Footprint  Area 


The  ratio  EDICT  displays  ehcn  the  aser  picks 
the  IHPBOfEHERT  coaaaad  P  IS.  A  is: 


<5.40>  P  vs.  l  Batio  =  Best  P  as.  A  /  Actoal  P  vs.  A 


5.3  Algorithns 

EDECT  is  not  an  extensive  algorithnic  based  systea.  Rhat 
algorithas  EDECT  is  based  on  deal  priaarily  with  extracting 
geoaetric  inforaation  froa  the  3D  object  aodel. 


5-3.1  Ciniig_loirl£teslgf_gagggZgPSI  ilSS 

To  siaplify  an  object* s  display  inage  and  load  opening  data 
into  the  array  RDCBD,  EDECT  scans  the  array  IFF  to  elininatc 
all  non-exterior  faces  and  identify  openings.  Tvo  basic 
preaises  for  this  culling  operation  is  that  all  faces  gener¬ 
ated  for  a  structured  3D  aodel  on  the  ABCBIRODOS  systea  have 
four  vertices  and  likeeise  all  openings  have  four  vertices. 

This  procedure  is  for  the  displaying  of  the  object  iaage. 
The  3D  data  of  arrays  XRD,  IFF,  ISS  and  CE  is  never  changed 
or  destroyed.  It  nay  sinply  be  'skipped  over'  as  it  is 
traced.  (Figure  108).  The  steps  are: 


VjW 


I.  Bead  the  beginning  and  end  IFF  pointers  for  an 
object  fron  I HD. 

II.  Irace  the  third  (color)  colaan  of  IFF  per  pointers 
fron  Step  1.  If  color  is; 

1.  0,  100  (4  vertices)  ,  200,  402  or 
403  — >  display  face. 

B.  100  vith  greater  than  4  vertices, 
find  naaber  of  vertices  in  face  ty 
subtracting  IFF  colnnn  2  fron  IFF  column  1. 

If  nunber  of  vertices  is  greater  than  4 
the  face  has  openings.  The  nunber  of 
openings  is  nunber  of  vertices  divided 

by  4,  ninus  1. 

1.  To  load  lover  left  and  upper  rigbt 
ccrner  coordinates  into  HECED,  count 
ahead  in  the  ISS  array  for  the  corres¬ 
ponding  opening  segments  fren  the 
openings  found  in  step  C. 

2.  The  X,  I,  and  Z  of  the  second  opening 
vertex  are  the  upper  right  ccrner 
coordinates.  The  X,  I,  and  Z 

of  the  fourth  opening  vertex  is  the 
lover  left  corner  coordinates. 

3.  Display  face  tracing  only  first  four 
face  vertices  fron  IFF  to  ISS  to  CE. 

4.  Display  opening (s)  using  data  frox 
1DCBD. 

C.  Other  than  k  above,  skip  to  next  face. 

The  resulting  display  inage  is  nade  up  of  only  exterior 
side,  top,  and  botton  faces  vith  the  outline  of  operirgs 
appearing  on  the  parent  side  face  (Figure  109). 
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Figure  109:  Post  Culling  Object  Inage 


5.3.2  loading  the  irrav  FTSEG 

The  segnents  of  a  footprint  are  extracted  froa  the  3D  data 
in  a  tracing  operation  siailar  to  the  calling  described 
above.  The  difference  is  that  when  the  color  100  is 
encountered  in  coluan  3  of  IFF,  ZDECT  traces  the  segnents  in 
ISS  per  the  IFF  pointers  and  stores  only  the  I  and  Y  coordi¬ 
nates  of  each  vertex  in  FTSEG.  The  beginning  and  ending  for 
a  footprint’s  segnents  in  FTSEG  are  recorded  in  the  first 
tvo  col nans,  respectively,  of  I6LDG. 


5-3-3  fall  Ingle  and  Orientation 

The  angle  and  orientation  of  a  nail  is  needed  for  several 
EDICT  operations  including  finding  the  true  length  cf  a 
footprint  segnent,  finding  troe  exterior  vail  and  opening 
areas,  and  direction  a  vail  is  facing  for  insolation  calcu¬ 
lations. 

The  orientation  is  figured  by  first  taking  the  starting  and 
finishing  vertex  coordinates  of  the  footprint  segnent 
pertaining  to  the  vail  and  vith  the  eguaticn: 


mm  imimmsimm 


<5.4 1>  ingle  ■  irctan  ((XI  -  Is)  /  (If  -  Is)) 


Is,  is  ->  starting  vertex  coordinates 

If,  if  ->  finishing  vertex  coordinates 

ingle  ->  oriented  with  lorth  being 
0  degrees 


get  the  angle  of  the  segaent.  The  orientation  (Figure  110), 
or  direction  the  sail  is  facing,  is  then: 


<5.42>  Crientation  *  <5. 41>  -  90  degrees  . 


o* 


Figure  110;  Geonetries  of  an  EDECT  Footprint 

To  arrive  at  a  segaents  true  length,  and 
ultiaately  coordinates  to  calculate  true 
vall/opening  area,  EDECT  rotates  all  coordinates 
associated  vith  that  segaent  (e.g.  vail,  opening,  etc.) 
by  an  angle  deterained  as  follovs: 


<5.43>  angle  of  notation  =  -<5.41 >  -  90  degrees  . 

This  has  the  effect  of  essentially  rotating  the 
segaent/coordinates  counterclockwise  about  the  object  origin 


■util  it  faces  doe  south.  Thus*  a  difference  in  Z  (Zs 
is  not  foreshortened  fron  the  true  distance. 


€.  Extensions  and  Conclusion 


The  goals  set  before  beginning  design  of  EDICT  were,  in 
large  part,  set  by  the  system's  subsequent  implementation. 
It  vas  to  be  a  tool  to  help  a  designer  rapidly  visualize  and 
learn  froa  the  consequences  of  early  design  decisiccs  in 
envelope  doainant  building  types.  I  feel  it  does  that.  Cut 
to  say  it  is  a  complete  energy  design  package,  or  that  there 
is  no  need  of  extension  to  farther  enhance  EDICT  perform¬ 
ance,  vould  be  vain  and  vrong.  Following  are  soae  cf  the 
aore  significant  extensions. 


The  type  of  object  EDICT  can  handle  froc  1BCHI DODOS  has 
certain  restrictions,  and  eoanunicating  ICFCT  modifications 
back  to  lftCHIHODOS  is  impossible.  In  an  acadeaic  environ- 
■ent  where  resources  fespecially  tine)  are  liaited  and 
reworking  past  projects  is  shyed  away  froa,  any  changes  tc 
AP.CHIHODOS  to  accommodate  EDICT  data  oust  be  ainiaal. 

To  get  avay  froa  relying  on  the  assuaption  that  all  1BCHIHC- 
DOS  vails  have  only  four  points  and  that  openings  aust  be 
'extracted*  froa  a  vail  ia  data,  tvo  basic  changes  cculd  be 
aade:  (1)  all  openings  and  overhangs  be  represented  individ¬ 
ually  in  data  and  (2)  a  relationship  identifier  between 
faces  of  an  object  be  established.  To  separate  openings 
froa  vails  vould  not  necessarily  aean  an  independent  data 
structure  as  with  EDICT'S  BDCRD  array.  Instead,  the  aodel 
arrays  shared  by  the  tvo  systeas  could  basically  retain  as 
they  are  with  openings  occupying  their  ovn  IFF  array  rov  in 
lieu  of  being  part  of  a  vail  description.  Then  each  face 
could  be  tagged  with  an  identifier  siailar  to,  but  aore 
extensive  than,  the  IFF  color  coluan  aov  in  use.  The  iden¬ 
tifier  key  could  relate  outside  faces  to  inside  vails, 
openings  to  vails,  side  faces  to  openings,  overhang  faces  tc 
vails  and  each  other,  etc.,  as  veil  as  keep  the  current 
color  scheae.  It  vould  occupy  aore  digit  locations  than  the 
present  color,  but  each  digit  location  or  group  of  digits 
vould  represent  a  specific  relationship  tc  (an) other  face(s) 
of  the  object.  Openings  and  overhangs  could  then  be  added 
or  deleted  aore  directly  to  data  vith  EDICT  doing  the  pcint- 


•r  adjusting  to  insure  complete  object  description  -  for 
botb  systems  -  and  no  stray  data. 
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The  only  way  ZDECT  can  now  preserve  inages  it  creates  after 
ending  a  session  is  by  asking  screen  dnnps  from  the  3251 
display  of  the  desired  inage  after  it  appears  cn  screen. 
If  ter  terainating  a  session  the  user  can  retrieve  these 
screen  duaps  and  aake  print  files  fron  then  for  printing  on 
an  18 II  3287  dot  matrix  printer  (Figure  111).  Hany  of  the 
figures  in  this  thesis  were  done  using  this  process. 


IBB  3287  Printer 


Besides  being  slow,  the  above  process  yields  iaage  lines 
that  are  often  "jagged'  due  to  the  aatriz  nature  of  the 
printer.  Only  vertical  and  horizontal  lines  arc  printed 
without  "jaggies".  lny  other  angled  line  is  actually  a 
series  of  dot  segnents  approximated  to  where  the  straight 
line  would  be.  Certain  energy  graphs  and  other  iaages  would 
be  auch  clearer  if  the  aliasing  (jaggedness)  were  not  there, 
in  extension  to  plot  EDECT  images  on  a  vector  type  plotter, 
sach  as  the  Hewlett-Packard  7585B  (Figure  112),  would  elivi- 
nate  this  problem. 


IW 


Figure  112:  Hewlett-Packard  Plotters 


i.3  The  Surrounding  Environment 


Barely  in  today's  built  environment  do  buildings  stand  alone 
on  a  flat  plane.  In  edifice  nay  be  enclosed  by  vegetation 
and/or  a  varying  topography,  and  in  an  urban  setting, 
enclosed  by  other  structures.  Bhatever  the  surrounding,  it 
influences  energy  performance  to  soae  degree  or  anetbez 
(Figure  113). 


The  energy  consumption  of  a  "stand  alone"  building  vay  be 
drastically  different  if  the  sane  design  is  placed  aaong 
nature  trees  or  tall  buildings.  Shading  patterns  acd  wind 
currents  can  be  totally  different  when  the  natural  and  nan- 
nade  environnent  are  figured  in. 


Given  two  designs,  if  design  1  has  a  better  energy  perforn- 
ance  than  design  E  in  a  "stand  alone*  simulation,  it  will 
also  have  better  perforaance  in  any  environnent  as  long  as 
both  are  analyzed  in  the  sane  environnent.  Thus  EOECl's 
conparison/gualitative  ability  is  valid  for  arriving  at  a 
"best*  energy  design.  However  the  quantitative  deter «i- 
nations  of  heat  gain/loss  are  valid  only  in  the  pseudo 
"stand  alone*  setting.  To  coapensate,  EDECT  would  have  to 
be  extended  to  recognize  and  account  for  nearby  build- 
ings/changing  vegetation  growth  and  their  appreciable  effect 
on  the  subject  object. 
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Figure  113:  Environ sent al  Influence  Illustration 
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6.%  The  IjgftSl  Si  Baas 


One  inpcrtant  contributor  to  the  total  energy  perforaance  of 
a  building  is  its  theraal  aass.  The  SEE  tcchnigue  of  energy 
analysis  does  not  explicitly  take  the  theraal  aass  of  a 
building's  aaterials  into  account  because  of  the  difficulty 
of  guantifying  the  exact  energy  contribution  theraal  aass 
gives  (2). 


Even  though  the  benefits  of  theraal  aass  aren't  easily 
derived  froa  formulae,  they  are  real  and  at  tixes  alter 
energy  ccnsuaption  (Figure  114).  EOECT  vould  benefit  froc 
an  extension  which  predicts  'ball  park*  theraal  aass 
contributions  to  energy  design.  The  deterainations  would 
not  have  to  be  accurate  to  the  last  British  Tfeertal  Or  i  t  but 
could  rate  a  design's  theraal  aass  into  three  or  four  possi- 


,h' 


blc  categories  (e.g.  poor,  aediun,  good  . . .)  according  to 
aaterial  tiae  lag  and  decrement  (35). 


rigor e  114;  Building  Tberaal  Hass  Scheaatic 

(35) 


•-5  HafisaiMlg-Uignagi 

in  iaportant  extension  to  EDECT  which  would  give  aore 
designers  access  to  it  would  be  to  adapt  tbe  EDECT  cede 
(prograa)  to  ran  on  licrocoapoters.  The  IEB  0341  coaputing 
environnent  in  which  EOECT  was  deweloped  is  powerful  but  few 
architects  or  architectural  firns  have  access  to  such 
coaputers.  The  general  trend  in  coaputing  is  towards  stall- 
er  (in  physical  size  and  price)  aicrocoaputers  with  exten¬ 
sive  aeaory  capacity. 

Hicrocoaputers,  such  as  the  IBB  IT,  have  the  aeaory  capacity 
to  handle  the  EOECT  prograa  and  with  the  adaptation  cf  the 
Graphics  Subroutine  Package  (used  by  the  current  EDICT  code) 
to  the  aicrocoaputer  graphics  environnent,  EOECT  could  aid 
energy  design  with  personal  coaputers  as  it  does  now  in  a 
ninicoaputer  environnent.  There  would  likely  be  a  less  of 
tureen  resolution  froa  the  3251  aonochroae  vector  refresh 
display  to  whatever  aicrocoaputer  screen  was  utilized,  but 
the  aicrocoaputer  display  could  also  utilize  color  in 
EDICT'S  graphics. 


li«3Llgoyoiic8 

The  bottoz  line  of  the  energy  concern  is  ccst.  Energy 
consciousness  is  proportional  to  the  current  price  per 
gallon  or  kilowatt-hour.  In  econoaic  terns,  the  real  price 
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of  energy  includes  not  only  the  cost  of  the  source  tut  the 
life  cycle  cost  of  the  devices  designed  tc  reduce  ccnsump- 
tios.  For  example,  in  an  unrestricted  energy  design  envi- 
renaent,  an  architect  nay  call  for  several  inches  of  insu- 
lation  just  to  get  lover  resulting  heat  gain/loss  nutters, 
the  fact  that  the  extra  insulation  say  never  pay  fer  itself 
does  not  enter  his/her  Bind  or  the  calculations,  the  sate 
holds  true  for  all  energy  design  coaponents. 

to  properly  give  the  actual  cost  of  energy  design  decisions* 
EDECT  vould  have  to  he  extended  to  deternine  costs  cf  build¬ 
ing  coipcnents  and  fuel  over  the  life  cycle  of  a  design  via 
econoaic  costing  fornulae.  to  be  accurate*  the  base  for 
these  cguations  (current  costs*  interest  rates*  etc.)  uccld 
have  to  be  periodically  updated. 


6.7  Conclusion 

EDECT  sas  never  intended  to  be  the  energy  design  systen  to 
end  all  energy  design  systens.  there  nay  never  be  such  a 
system  simply  because  energy  needs  and  resources  in  archi¬ 
tecture  vill  alvays  change  and  so  nust  the  systems  designed 
to  deal  vith  energy  in  architecture. 

However*  EDECT  was  intended  tc  deaenstrate  that  certain 
weaknesses  in  ether  building  energy  analysis  approaches 
could  be  overcoae.  First  and  foremost*  EDECT  approaches 
energy  aspects  where  the  greatest  inpact  can  be  realized;  in 
the  schenatic  design  stage.  It  is  not  a  "cne-pass"  aralysis 
either*  but  rather  encourages  the  designer  to  Bake  changes 
through  rapid  analysis  and  graphic  interaction.  Designers 
are  not  inarticulate  vith  nunbers*  but  they  are  trained  tc 
conaunicate  graphically*  thus  EDECT  presents  complex 
analyses  in  a  graph  (as  well  as  in  detailed  tables)  and 
enables  side  by  side  comparison  of  different  desigrs  and 
their  graphs.  EDECT  can  also  help  the  energy  novice  grasp 
basic  energy  design  concepts  and  speed  up  and  solidify  the 
'experts'  intuitive  feel  for  good  energy  design.  In 
essence,  where  most  previous  approaches  do  energy  analysis* 
EDECT  aids  the  architect/designer  in  energy  design. 

But  peihaps  the  greatest  benefit  of  EDICT  was  a  personal  ere 
fer  its  developer.  the  design  and  inplenentation  of  EDICT 
was  a  culaination  of  theory  and  practical  applicaticn  it  the 
use  of  computers  as  architectural  design  tools.  EDICT  is 
not  a  total  computer  aided  architectural  design  system  hut  a 
subset  tc  an  existing  modeling  systen.  The  lessons  learned 
in  adapting  EDICT  to  use  AFCH2B0D0S  data  and  then  tc  gc  cr 
tc  further  refine  design  aspects  of  a  model  were  invaluable, 
lessons  learned  earlier  in  thecry  on  graphic  icteracticc* 
data  structures*  programming  finesse*  etc.  became  real  as 
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If PB1DIX  A.  Saipl*  Ixtudcd  luaerical  lialysis 


This  following  saaple  is  a  printoat  of  extended  naaerical 
energy  analysis  results  that  were  written  to  file  when  I  was 
picked  as  the  response  to  strip  message  no. .26.  The  analy- 
sis  is  for  object  2  in  the  exaaple  froa  Chapter  3. 


The  header  to  each  tabulation  gives  the  duap  nunber  (the 
first  duap  of  a  session  is  always  1),  BL1  (building  type) , 
HAC  (aacrocliaate)  ,  HTT  (heating  systea)  ,  TIT  (lighting 
systen) ,  CCCUP  (nuaber  of  occupants),  area,  and  PLF  (perime¬ 
ter  linear  feet)  of  the  current  object  at  tine  of  analysis. 


DUHP  •  1  ♦♦♦♦♦♦♦♦♦♦♦♦♦**♦♦♦♦♦♦♦♦♦ 


BIT, HAC,HTT#TLT,OCCDP: 
AREA  OF  OBJECT  2  IS: 
PLF  OF  OBJECT  2  IS: 
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2391045. 

447156. 

12471010. 

97294896. 

14867009. 


TOTAL  OCCUPIED  COOLING  LOAD  (BTU): 
TOTAL  COOLING  ENERGY  USE  (BTU): 


166055024. 

415137536. 


ENERGY  USE  SOHHART 


DOBESTIC  BOT  BATER  FUEL  USE  (BTU):  62474976. 


ANNUAL  LIGHTING 
ANNUAL  EQUIPBENT 


TOTAL  CONNECTED  ELECTRICAL 


LOAD 

(BTU) : 

22114800. 

LOAD 

(BTU)  : 

160697376. 

LOAD 

(BTU)  : 

102812176. 

ANNUAL  ENEBGY  USE 


TOTAL  HEATING  ENEBGY  USE  (BTU): 
TOTAL  COOLING  ENERGY  USE  (BTU): 
DOBESTIC  HOT  BATES  FUEL  USE  (BTU): 
TOTAL  CONNECTED  ELECTRICAL  LOAD  (BTU): 


71271200. 
DIG  111536. 
6247U976. 
182012176. 


TOTAL  ANNUAL  ENERGY  USE  (BTU): 


731695616 


lfPSRBIX  B.  Error  aid  strip  Btisagu 


Following  is  a  conplete  list  of  tie  error  and  strip  nessages 
EDICT  issues  in  tie  Strip  Bessage  Box.  Error  nessagcs  with 
explanations  are  presented  first. 


b-i  niajKBLtemg 


•  1)  **EBBOB.  BEBOBT  ALBEADT  C0IT1IBS  OBJECTS.  CCBHAHE 
IG ROBED. 

explanation:  Objects  can  be  read  fron  disk 
nenory  only  once,  iny  attenpt 
to  BEAD  FBOR  DISK  nore  than 
once  daring  a  session  will 
in  this  aessage. 


•  2)  **EBBOB:  THEBE  ABE  10  OBJECTS  TO  SATE  TO  DISK. 

explanation:  If  there  are  no  objects  in 

session  nenory  and  the  connand 
SATE  TO  DISK  is  picked,  this 
error  nessage  will  be  issued. 


*  3)  ♦•EBBOB-  QUIDS ART  ALBEADT  CORTAISS  IMAGE.  SATE  OB 
C1EAB  QUADBAHT. 

explanation:  Then  in  the  orientation  node 

and  the  user  attenpts  to  bring 
up  a  footprint  in  a  quadrant 
already  containing  a  footprint, 
this  nessage  is  issued. 


*  4)  •♦EBBOB.  TBEBE  IS  RO  ACTITE  QUADSAST. 

explanation:  If  in  the  orientation  node 
the  user  attenpts  to  bring 
up  a  footprint  icage  by 
picking  (BE) ORIENT  without 
having  picked  an  active 


quadrant  first,  this  aessage 
will  be  issued. 
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•  5)  **EBBOB.  ILL  QUIDB1RTS  IBE  EBPTY. 

explanation:  If  the  user  picks  the  coanand 
SIB E  SIVE  or  IEV  SITE  during 
(re) orientation  and  all 
guadrants  are  eapty,  this 
error  aessage  aill  result. 


#  6)  ♦•EBBOB.  DISPLAY  (S)  ZBPTT. 

explanation:  When  (re) defining  aindoss/ 
doors  the  user  say  transfer 
teaporary  changes  stored  in 
one  of  tao  aindoas  to 
the  current  object.  If  the 
aindoa  picked  for  transfer 
is  blank,  this  aessage  aill 
be  issued. 


f  7)  HO  OBJECT  BIS  BEZH  SELECTED. 

explanation:  If  any  priaary  coanand  in 
(BE)DEFIHE,  IBILYZE,  or 
IHPBOTEHEHTS  categories 
is  picked  and  no  current 
object  has  been  selected, 
this  aessage  aill  be  given. 


b-2  HKLariuama 

Rote:  Any  text  appearing  beloa  in  parenthesis  is 
light  pen  activated. 

•  1)  PICK  OBJECT  ZBOB  OBJECT  LIST  CB  (BETDBB) . 

•  2)  DELETE  OBJECT  FBOB  OBJECT  LIST  CB  (SETUBB). 


m 
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•  3)  PICK  BABE  f BOH  AVAILABLE  IAHES  LIST  OB  (BITUSK) . 


•  4)  SELECT  QUADHAHT  TO  DISPLAY  IV  OB  "BAIH  BEHU"  TO 
BETUBI. 


•  5)  PICK  DEGBEES  OB  (BETUBH) . 


•  6)  COBBEBT  OBJECT  BILL  BE  VBITTEB  OVEB.  COVTIVUE? 

CD  <»)- 


*  7)  SELECT  QUADS AHT  BUBBEB  OBIEVTATIOH  TO  BE  SAVED. 


*  8)  ALL  DISK  BABES  BILL  BE  BBITTEV  OVEB.  COBTIBUE? 
(I)  (B). 


% 

•  9)  PICK  BALL  IBOB  EBLABGED  POOTPBIBT  OB  -BAIH  HEHU«  TO 
BETUBH. 


•  10)  SELECT  OPEHIHG->OPEBATIOH,  (BETUBH) ,  OB  SAVE  IB 
VIHDOV  (1)  (2). 


•  11)  OPEHIHG  BUST  BE  SELECTED  BEPCBE  CPEBATIOK.  TCU 
BAT  ALSO  (BETUBH). 


*  12)  PEBBABEHT  OPEBIHGS  BILL  BE  CBABGED1 \  CCHTIHUE? 
(I)  (H). 


#  13)  ILLEGAL  OPIHIHG/COH DITIOH  EXISTS.  PBUSTBATED?  TCU 
RAT  (BETUBH). 


#  14)  PICK  OPEBIRG->TYPE.  TO  EXIT  TOD  BAT  (BETOBB) 


*  15) 

•  16) 

•  17) 

•  18) 

•  19) 

•  20) 

•  21) 

*  22) 

•  23) 

*  24) 


PICK  OPEBIIG->TYPE.  All  (DEFIRED)  /  (ORDEFIRED) 
OPEBIHGS  SABE?  TO  EXIT:  (BETOBR). 


SELECT  BACBOCLIHATE  IUBBEB  FBOB  RAP.  TO  BEGISTEB 
SELECTIOB:  (BETOBB) . 


PICK  SELECTIOHS.  TO  BEGISTEB  SE1ECTIOHS:  (BETOBB) 


TO  ADD  OTEBHARG,  PICK  BALL  BOTTOB.  ELSE  PICK 
OTEBHABG  ->  OPEBATIOH. 


PEBBAVEBT  OTEBHAHGS  BILL  CHARGE?!!  COVTIBDE? 

(I)  (H)- 


PICK  BOOF  CORSTBOCTI 01  TYPE  BUBBEB,  OB  (BETOBB) . 


COBBEHT  BOOT  THICK1ESS  XS  LESS  TBAB  CCBSTBOCTICB 
SELECTED.  BODIFT?  (T)  (1). 


PICK  BALL  CCBSTBOCTIOR  TYPE  ->  BAIL  SEGBERT  CF 
BEBO  COBBABD. 


COBBERT  BALL  TBICKRESS  IS  LESS  TBAB  CCBSTBOCTIOR 
SELECTED.  BODIFT?  (Y)  (H) . 


TCO  HAT  BEQOEST  ACDIT10RAL  (EXPLABATIOB)  OR 
(BETURR). 


*-^vvw 


1PP1IDII  c.  luiiag  1DBC1 


This  appendix  explains  how  to  ran  EDICT  at  The  Ohio  State 
University  CUED  lab. 

C.  1  teMUgJK 

The  first  step  is  to  log  on  to  the  systei.  Froa  a  3279 
terainal  the  user  types  in 

LOGON  <userid>  <passwcrd> 


and  presses  the  EITEB  key.  Provided  that  the  correct  pass¬ 
word  is  given ,  the  user  is  now  logged  on  to  the  systei. 


C-2  H8.IIgjEOgty.Ild  Pffta .  Pjgk.gjlf s 

Before  the  user  can  begin,  there  aost  be  a  copy  of  the  EXEC 
prograa  which  rans  EDECI  in  his  file  directory.  If  there  is 
not,  the  user  can  copy  it  froa  the  ABCH14  account.  To  dc 
this,  the  user  does  the  following. 

1.  link  to  the  1BCB1Q  account  by  typing  in  the  follow¬ 
ing  two  coaaands,  followed  by  the  INTER  key: 


LINK  IBCH14  191  291  BB 
1CCESS  291  B 


2.  Copy  the  EXEC  progran  fron  the  B  disk  to  the  user 
disk: 


COPT  EBBQH  EXEC  B  =  *  1 


3.  Detach  froa  ABCB1U: 


BELEA5E  B  (  DETACB 


Before  invoking  the  EBBOB  EXEC  prograa,  the  eser  should  he 
•aare  of  the  data  disk  files,  which  arc  used  to  read  data  in 
and  save  the  data  generated  daring  the  session  onto  his 
disk,  these  files  are  defined  in  the  EXEC  prograe  through 
the  FILEDEF  stateaents  (Figure  115).  The  VE1THS1  and 
BEATHB2  data  files  are  read  only  and  contain  tabulariaed 
inforaation  used  by  EDECT  in  running  energy  heat  gain/loss 
calculations.  The  SiVEllf  data  file  is  write  only  and  is 
where  any  extended  energy  analyses  reside  if  duaped  to  disk 
by  the  user  during 
a  session. 

The  other  five  data  files  are  read/vrite  and  with  the  excey* 
tion  of  DATA3D,  aay  or  say  not  contain  data  at  the  end  of  a 
session.  They  are  all  object  description  files  and  wdess  a 
user  has  defined  all  aspects  of  an  object  with  EDECT  then 
saved  those  definitions  to  disk,  there  nay  be  no  inforwaticn 
contained  within.  Vhen  an  object (s)  first  cones  over  froa 
ABCHIHODCS,  the  only  data  file  with  data  is  DATA3D,  which 
contains  the  object  3D  data  structures  filled  by  AECBIHODOS 
and  used  by  EDECT.  OPEHGS  contains  the  EDECT  opening  data 
structures;  OVBBBGS  the  overhang  data;  B1DSYS  the  data  for 
the  building  systens  (occupants,  lighting,  etc.);  and 
VALBOOF  the  data  structures  describing  wall  and  roof 
construction  of  EDECT  objects. 


FILEDEF 

11 

DISK 

D1TA3D 

DATA 

A 

(BECFH 

FBA 

LBECL 

80) 

FILEDEF 

13 

DISK 

BEATBB1 

DATA 

A 

(BECFB 

FBA 

LBECI 

8C) 

FILEDEF 

1« 

DISK 

1EATBB2 

DATA 

A 

(BECFH 

FBI 

LBECL 

80) 

FILEDEF 

17 

DISK 

OPEHGS 

DATA 

A 

(BECFH 

FBA 

LBECL 

8C) 

FILEDEF 

18 

DISK 

OTBHHGS 

DATA 

A 

(BECFB 

FBA 

LBECL 

80) 

FILEDEF 

19 

DISK 

ELDSIS 

DATA 

A 

(BECFH 

FBA 

LBECL 

80) 

FILEDEF 

20 

DISK 

I1LBOOF 

DATA 

A 

(BECFB 

FBI 

LBECL 

80) 

FILEDEF 

22 

DISK 

SATEAB 

DATA 

A 

(BECFH 

FBA 

LBECL 

80) 

figure  115;  Data  disk  file  definitions 


c-3  isMiulte- laaai 

The  user  is  now  ready  to  run  the  prograa.  This  is  dcre  by 


ERSOI 


The  eser  is  proi;ted  for  the  device  address  of  the  3251 
teraioal,  which  is  located  in  the  apper  right  corner  of  the 
terainal.  The  user  types  this  auaber  on  the  3279.  The  user 
now  waits  until  the  prograa  is  loaded.  Bhen  this  is  done, 
the  initial  EDECT  screen  aenu  appears  on  the  3251  and  the 
systen  awaits  the  first  coaaand. 


y\ 
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